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CREEPING  AND  WAIvKING. 


By  August  W.  Trettien. 


When  we  look  upon  an  infant  which  is  just  taking  its  first 
breath  of  vital  air,  we  cannot  but  feel  the  full  import  of 
lyinn^us's  definition  of  it,  when  he  said — "  Naked  and  without 
weapons." 

Other  mammals  possess  natural  means  of  protection  and  de- 
fence; some  wear  a  warm  fur,  others  possess  agility  and  swift- 
ness of  foot  soon  after  birth,  but  man  has  nothing  of  the  kind 
for  many  months  after  he  begins  his  separate  existence. 

We  are  also  struck  with  the  peculiar  purposeless  character  of 
the  movements  of  the  human  infant,  apparently  without  con- 
trol or  rhythm,  without  administering  to  the  immediate  necessi- 
ties of  life.  An  infant,  come  to  make  its  way  through  a  life  of 
necessity  with  only  a  possibility  as  its  individual  heritage. 

On  the  other  hand,  we  look  upon  man  in  his  full  possession 
of  power  and  stature  and  contrast  his  form  and  appearance  with 
that  of  other  vertebrate  creatures,  we  are  equally  struck  with 
his  capability  of  assuming  an  attitude  which  is  distinctly  his 
own,  which  has  been  termed  the  erect  attitude.  In  this  posi- 
tion the  head  is  balanced  perfectly  upon  the  summit  of  the 
spine;  the  inferior  extremities  are  elongated  and  brought  into 
straight  line  with  the  body  for  support  and  locomotion,  and  the 
superior  limbs  hang  gracefully  at  the  side  of  a  beautifully  curved 
trunk.  As  Huxley  says — "  he  stands  raised  up  as  on  a  moun- 
tain top,  far  above  the  lead  of  his  humble  fellows,  and  trans- 
figured from  his  grosser  nature  by  reflecting,  here  and  there,  a 
ra}'  from  the  infinite  source  of  truth.  "^ 

The  whole  position  is  in  striking  contrast  with  the  attitude 

1  Man's  Place  in  Nature,     p.  132. 
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of  the  fishes  of  the  sea,  the  fowls  of  the  air  or  the  beasts  of  the 
fields,  whose  long  axis  of  bod}'  is  parallel  with  the  surface  of 
the  earth  over  which  they  move. 

It  is  indeed  strange  that  this  erect  attitude  of  the  human 
body,  which  conjoins  with  it  the  discharge  of  the  highest 
faculties  of  man,  has  not  been  heretofore  a  subject  of  more  ex- 
tended investigation. 

It  is  the  purpose  of  this  study  to  trace  the  various  stages  and 
attitudes  assumed  by  the  infant  and  the  movements  which  it 
employs  in  passing  from  this  helpless  stage  of  infancy  to  the 
time  when  the  straightness  and  uprightness  of  body  is  taken. 
The  data  upon  which  this  stud}^  is  based,  has  been  carefully 
selected  from  Medical  Journals,  Hospital  Reports,  and  from  the 
returns  of  a  syllabus  on  the  Straightness  and  Uprightness  of 
Body.  These  returns  have  been  the  direct  observations  of  in- 
dividual cases  and  the  writer  has  sought  to  verify  the  results 
by  personal  observations. 

The  Embryo. 

Before  we  can  approach  the  problem  as  it  is  presented  to  us 
in  the  infant  at  birth,  it  is  necessary  to  consider  briefly  some  of 
the  determining  factors  during  the  embryonic  life.  At  the  stage 
of  fcetal  life  when  the  embryonic  body  takes  shape  out  of  the 
embryonic  disk,  there  is  a  conspicuous  enlargement  of  the  head 
and  neck,  as  compared  with  the  body,  accompanied  by  a  dila- 
tation of  the  medullary  canal  to  form  the  brain.  Shortly  the 
head  makes  a  distinct  bend  forward  and  downward  at  about  its 
middle,  and  the  posterior  end,  which  at  first  curves  slightly  up- 
ward, curls  over  ventrally,  and  as  the  back  curves  with  it,  the 
dorsal  outline  of  the  entire  embryo  becomes  convex.  This  con- 
vexity increases  so  that  in  the  embryo  of  about  30  days'  growth 
the  head  and  tail  closely  approximate,  having  the  (Fig.  12  72, 
p.  190,  Vol.  Ill,  Buck's  Rep.  H.  Book,  m.  sc.)  form  of  the 
letter  C,  and  is  from  four  to  eight  mm.  in  length  on  the  straight 
line. 

The  anterior  and  posterior  limbs  have  already  made  their  ap- 
pearance as  small  buds  on  the  two  sides  of  the  bodj'.  Soon  the 
fore-arm,  the  leg,  and  the  arm  and  thigh  successivelj'  make  their 
appearance.^  M.  Hamy  took  the  measurements  of  Zue.  Gunz 
and  Liharzic,  and  showed  that  at  about  the  fourteenth  day  of 
intrauterine  life  the  fore-arm  of  the  European  is  longer  than  the 
humerus,  while  from  two  and  one-half  months  the  humerus 
grows  proportionately  faster.  At  this  period  the  ratio  existing 
between  the  fore-arm  and  the  arm  is  88  to  100,  at  birth  this  ratio 

^Topinard:  Anthropology,  p.  141.  Reference  Hand  Book  of  Medi- 
cal Science.     Dr.  Buck,  Vol.  III.     Embryology.     Dr.  Minot. 
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is  77:100,  and  at  maturity  72:100.    The  femur  is  also  relatively 
small  during  this  early  period. 

During  the  time  to  the  fiftieth  day  of  growth  a  well  marked 
change  takes  place  in  the  external  form  of  the  embryo.  The 
body  now  becomes  nearly  straight,  with  an  area  about  the  same 
as  that  of  the  head;  the  limbs  are  distinctly  divided  into  an 
upper  and  lower  division;  the  hand  makes  its  appearance  with 
notches  along  the  edge  of  the  distal  end  from  which  converging 
grooves  run;  and  two  weeks  later  the  five  digits  are  well  devel- 
oped. The  lower  limbs  are  also  divided,  the  feet  are  plainly 
marked,  and  the  toes  are  becoming  free.  On  the  whole  the 
development  of  the  posterior  extremities  is  outstripped  by  that  of 
the  anterior.  The  bend  in  the  neck  has  diminished  from  a  right 
angle  to  an  obtuse  angle.  At  the  period  of  two  months  the 
embryo  has  a  distinctly  human  appearance  in  all  parts,  despite 
the  disproportions  of  the  same.  There  is  now  an  increased 
development  of  the  legs  and  feet  and  the  disappearance  of  the 
free  tail.  (Fig.  224,  Minot,  p.  392.)  Measurements  of  the 
extremities  of  different  fcEtal  skeletons  at  the  approximate  ages 
of  four,  six  and  eight  months  give  the  following  results: 


Length  of 

FCETUS. 

IvCngth  in 
Inches. 

Length  of 
Spinal  Column. 

Length  of 

ARM. 

Approximated  Ac- 
cording to  Hacker. 

7.80 

4.12 

2.72 

2.80        4.4  mos. 

10.77 

4.94 

3.86 

407           5-4       " 

15-70 

6.67 

5-51 

6.18             7.9        " 

The  following  table  expresses  the  ratio  of  the  extremities: 

AGE. 

Length  in  Inches. 
Body. 

Arm. 

Leg. 

4.4  mos. 

7.80 

100 

102.9 

5.4    " 

10.77 

100 

105.6 

7-9    " 

15-70 

100 

112 

17    " 
^  Adult. 

100 

100 

j^.,  J  Taken  from  Hamy's 
T"*^  1       Measurements. 

Position  in  Utero.'' 

The  position  which  the  foetus  assumes  in  utero  without  doubt 
determines  the  position  of  the  extremities  with  reference  to  the 


^Topinard  Anthropology,  p.  85. 

*  The  manner  of  estimating  the  age  of  these  embryos  was  taken 
from  Hacker's  measurements,  which  show  that  the  foetus  at  three  and 
four  months  is  three  and  four  inches  respectively,  at  five,  six,  seven 
and  eight  months  the  average  length  may  be  determined  in  inches  by 
doubling  the  time  ;  at  nine  and  ten  months  the  length  is  seventeen 
and  eighteen  inches  respectively. 

*  Diseases  of  Infancy  and  Childhood,  Dr.  Holt. 

2  Minot:  Embryology,  p.  394. 


4  Trettien: 

body  for  some  weeks  after  birth,  and  consequently  the  early 
movements  are  affected. 

In  utero  the  head  is  bent  forward,  the  back  contains  one  con- 
tinuous concave  curve  forward  without  the  lumbar  convexity 
of  later  development;  the  extremities  are  drawn  toward  the 
body,  the  arms  are  bent  forward  and  crossed  over  the  breast 
with  the  fingers  touching;  the  legs  are  raised  forward,  the  right 
leg  nearl}^  always  straight  across  the  body  with  the  toes  resting 
against  the  forehead,  while  the  left  leg  is  bent  at  the  knee  bring- 
ing the  left  foot  against  the  right  thigh.  In  another  position, 
the  legs  are  crossed  over  the  lower  abdomen.  The  babe  rests 
generally  upon  the  right  side.  This  attitude  gives  the  muscles 
the  greatest  relaxation,  and  to  the  cartilage,  which  caps  the 
bones,  the  position  most  favorable  to  nutrition  and  growth.  At 
the  same  time  the  embr>'0  forms  as  nearly  as  possible  an  oval, 
and  thus  occupies  the  smallest  possible  space. 

Prenatal  Movements. 

It  is  believed  by  Professor  Preyer  and  others  that  the  move- 
ments of  the  infant  immediately  after  birth  do  not  essentially 
differ  from  the  parental  movements,  except  that  they  are  given 
a  wider  range.  The  parental  movements  are  entirely  purposeless 
and  are  spontaneous  or  reflex.  The  former  are  those  movements 
which  are  due  to  diffused  stimuli  from  the  growth  of  the  lower 
motor  centers,  the  latter  movements  immediatel}'  follow  external 
stimulation.  Professor  Preyer  states  as  a  certainty  that  these 
movements  are  present  in  an  embryo  at  five  months'  growth, 
and  to  substantiate  this  statement  he  cites  an  experiment  of 
Erbham,  which  shows  conclusively  that  even  at  four  months 
the  movements  are  possible  from  the  stage  of  development  of 
the  muscular  and  nervous  systems.  Erbham  placed  a  four 
month  foetus  into  a  small  vessel  of  warm  water  which  furnished 
a  sufficient  external  stimulus  to  cause  a  contraction  of  the  mus- 
cles of  the  extremities  and  neck,  to  move  these  members  in  a 
natural  manner.  For  one-half  hour  it  was  observed  that  the 
limbs  moved  before  the  body  and  the  head  turned  from  side  to 
side. 

Medical  writers  who  place  the  evidence  of  movements  con- 
siderable later,  usually  refer  to  the  larger  movements  of  swal- 
lowing, clasping  and  stretching  as  outgrowths  of  he  simpler 
reflex  movements  to  which  Prof.  Preyer  refers.-^ 

Like  every  other  organic  formative  process,  the  origin  of  the 
human  body  and  of  its  nervous  system  appears  as  an  expression 
of  a  life  process  in  course  of  progress,  the  beginning  of  which 
we  do  not  know.     What  we  do  know  is  that  very  early  in 


iPreyer:  Physiologic  des  Embryo,  p.  431. 
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the  embryonic  life,  when  the  bod)'  and  nervous  system  attain 
a  certain  stage  of  development,  a  disturbance  without  causes 
a  nerve  stimulus  which  in  turn  produces  muscular  contraction. 
The  infant,  before  birth,  is  living  in  an  environment  where  the 
external  stimulation  is  limited,  the  amniotic  fluid  in  which  the 
foetal  body  rests  is  of  uniform  temperature  with  the  body,  yet 
it  receives  peripheral  stimulation  which  is  transmitted  to  it  from 
the  body  of  the  parent — the  beating  of  the  heart,  the  move- 
ments of  respiration,  the  change  of  position  and  posture  and 
the  movements  of  walking,  all  have  their  direct  influence  in 
stimulating  the  organism  of  the  foetus. 

These  stimuli  start  the  nerve  mechanism  which  has  become 
so  complicated  and  interrelated  that  a  given  irritation  never 
affects  one  cell  only,  but  rather  is  conducted  from  a  point  in  the 
peripher}^  by  the  fiber  to  a  nerve  center  which  may  innervate  a 
large  collection  of  motor  cells.  A  subsequent  stimulus  in  like 
manner  excites  a  sensory  cell,  which  according  to  the  anatomi- 
cal relations  of  the  sensorj'  and  motor  cells,  may  bring  an  entire 
system  of  muscles  into  contraction. 

In  this  manner  Exner  has  explained  how  a  single  sensory 
impression  may  lead  to  a  complicated  movement  in  which  many 
muscles  take  part.  There  is  a  close  relationship,  says  Edinger/ 
established  between  the  different  sensory  nerves  and  their  motor 
reactions,  and  there  is  much  evidence  in  favor  of  the  view  that 
such  relationships,  when  once  established  in  the  course  of  evo- 
lution, are  afterwards  inherited.  The  nervous  system,  then, 
consists  of  two  parts — one  part,  which  is  congenital  and  arises 
from  the  primordial  racial  exercise  (phylogenetic),  and  the 
other  part  (ontogenetic),  which  derives  its  relationship  only 
during  the  individual  person's  life. 

The  congenital  mechanisms  are  found  in  the  nervous  system 
of  the  embryo  and  predominate  in  the  sympathetic  system  and 
in  the  medulla  and  pons.  The  latter  centers  correspond  to 
Hughlings-Jackson's  lowest  level,  in  his  three-level  theor)'  and 
control  the  simple  reflex  movements. 

The  Infant  at  Birth. 

^A  study  of  the  infant  at  birth  shows  that  it  is  a  being  still 
very  different  from  the  adult  in  the  structure  and  composition 
of  its  organs  as  well  as  in  the  relative  proportions  of  the  mem- 
bers of  its  body. 

The  data  for  the  study  of  new  born  infants  is  still  very  lim- 
ited beyond  that  of  the  bare  measurement  of  length  and  weight. 

1  Edinger : 

2Am.  Jour,  of  Obstetrics,  Vol.  XXXVII,  1898.     Dr.  Wilson. 
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^The  length  of  the  infant  at  birth  is  about  ys  of  that  of  the 
adult.  The  average  length  has  generally  been  taken  as  50  cen- 
timeters (19.68  inches)  for  males  and  49.50  centimeters  (19.48 
inches)  for  females. 

The  normal  range  of  boys  in  height,  as  shown  by  the  Report 
of  the  Anthropometric  Committee  of  the  British  Association 
for  the  advancement  of  Science,  is  from  15  to  24  inches  and  of 
girls  is  from  16  to  23  inches. 

The  weight  of  an  infant  at  birth  is  about  xV  of  the  adult 
weight.  The  average  weight  of  a  healthy  child  born  at  full 
time  is  3,333  grams  (7.3  lbs.)  for  males  and  3,200  grams 
(7.1  lbs.)  for  females. 

Again  stating  the  figures  of  the  Anthropometric  Committee 
the  boys  range  in  weight  from  3^  to  11^  lbs.,  and  the  girls 
range  from  4)^  to  io)4  lbs.  The  report  of  the  committee  is 
based  upon  the  measurements  of  451  boys  and  466  girls  in 
London  and  Edinburgh  hospitals  and  represents  largely  the 
measurements  of  the  lower  and  middle  classes  of  society.  The 
parents  were  English  and  Scotch  and  represented  city  and 
country  people.  The  measurement  of  the  length  was  taken  in 
a  recumbent  position  and  the  weight  without  clothes. 

Relative  Proportions  of  the  Parts  of  the  Body. 

While  there  are  ver}-  great  individual  differences  in  infants 
in  their  stature,  there  are  certain  proportions  which  are  main- 
tained at  all  periods  of  growth  between  height  and  width.  Ac- 
cording to  Dr.  Uffelraann,^  in  the  normal  child,  the  measure- 
ment across  the  shoulders  should  equal  about  }{  of  the  length 
of  the  entire  body.  An  important  difference  is  disclosed  between 
boys  and  girls  at  birth.  In  stature  and  weight  the  girls  are 
nearest  the  average  type;  in  form  the  boys'  shoulders  and 
hips  measure  the  same  across;  in  girls,  the  shoulders  measure 
a  little  less. 

The  following  tables  are  given  to  show  the  relative  increase 
of  the  different  parts  of  the  body  at  various  periods  of  growth. 
Zeising's  measurements  represent  a  general  law  of  proportion 
of  the  normal  child,  the  measurements  are  taken  from  the  crown 
to  the  hip  and  from  the  hip  to  the  heel.  At  birth  these  meas- 
urements are  about  equal.  Letting  the  whole  length  from  head 
to  heel  be  represented  by  1,000  in  each  case,  the  relative  length 
will  be  expressed  as  follows  : 

^Vierordt  K.:  Anatomische,  Physiologisclie  und  Physikalische  Da- 
ten  und  Tabellen. 
^Dr.  Uffelmann :     Domestic  Hygiene  of  the  Child,  p.  7. 
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^  Birth  nt 

1  3'ear  |^        Increase  of  lower  limbs     x^^ir  i°  one  year. 

2  years  -^-^^j  T"0T7ir 

3  years  -j-g-y  looo 

5  years  -5-^-5-  yss-^ 

<5  years  g-g-g-  Tinnr 

13  years  ^y-g-  tuttu 

Growth  in  length  of  parts  of  body  according  to  L,iharzik's 
table. 

*  Representing  length  at  birth  by  loo. 

Birth. 

Head,  loo 

Forehead,  lOO 
Lower  portion  of  face,  loo 

Neck,  100 

Chest,  100 

Abdomen,  loo 

Leg,  100 

Arm,  100 

Upper,  100 

Lower,  loo 

The  proportions  of  the  infant's  body  are  very  different  from 
those  of  the  adult.  The  new-born  has  a  very  small  and  narrow 
thorax  compared  with  the  abdomen,  and  the  pelvis  as  a  region 
scarcely  exists.  The  whole  trunk  thus  assumes  an  oval  form 
with  the  small  end  toward  the  neck. 

^The  anterior  diameter  of  the  thorax  at  birth  at  the  level  of 
the  2nd  costal  cartilage  is  as  2  to  3,  while  in  the  adult  it  varies 
from  I  to  2^  or  i  to  3.  The  sternum  is  relatively  smaller  than 
in  the  adult  male,  but  not  very  different  from  some  very  small 
breast-bones  which  are  occasionallj'  found  in  women.  The 
shoulders  are  very  small,  which  make  the  chest  appear  quite 
different.  The  pelvis  is  so  small  that  it  forces  the  pelvic  organs 
of  later  life  more  or  less  into  the  infant's  abdomen. 

Composition  and  Structure  of  the  Body. 

Bones.  The  composition  and  structure  of  the  infants'  bones 
are  very  different;  the  bones  are  softer  and  more  vascular,  the 
marrow    is   vastly    more  dilated  with  blood  vessels.     An  ex- 

^Gerhardt:     Handbuch  der  Kinderkrankheiten,  pp.  267  and  269. 
^Gerhardt:     Handbuch  der  Kinderkrankheiten,  p.  272. 
^Dr.  Rotch:   Pediatrics. 


End  of 

7>^  year. 

Adult 

21  month. 

150 

191-7 

200 

114 

150 

157 

200 

250 

260 

500 

700 

900 

186 

300 

314 

160 

240 

260 

200 

455 

472 

182.5 

325 

350 

183 

328 

350 

182 

322 

350 
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tremely  important  difference  is  noticed  between  the  spine  of  the 
new-born  and  the  adult.  In  the  infant  the  spine  has  little  bone 
and  much  cartilage  and  fibrous  tissue,  making  it  light  and 
flexible.  The  movements  in  the  spine  at  birth  are  remark- 
able. Dr.  Rotch  ovserved  that  the  spine  of  a  child  at  birth, 
the  abdominal  visceral  having  been  removed,  could  be  bent 
easily  so  that  the  head  touched  the  buttocks.  The  middle 
part  was  most  flexible,  the  lumbar  region  seemed  to  be  more 
pliant  than  the  cervical.  The  lateral  motion  was  quite  free, 
though  not  without  some  torsion. 

Curves.  The  spinal  curves  present  an  interesting  and  im- 
portant condition.^  In  the  infant,  the  whole  dorso-lumbar 
region  is  concave  forward,  presenting  one  continuous  curve 
from  the  neck  to  the  sacrum,  instead  of  the  alternating  convex 
curve  forward  in  the  region  of  the  neck,  a  concave  forward  in 
the  region  of  the  chest  vertebrae,  succeeded  by  a  convexity 
forward  in  the  vertebrae  of  the  loins.  The  adult  vertebral 
column  presents  two  sets  of  curves;  the  primary  or  dorsal  and 
sacral  curves  which  are  present  in  quadrupeds,  with  them  the 
human  infant  begins  its  independent  existence,  and  the  old 
rnan  takes  themto  his  earthly  abode;  and  the  secondary  or  cer- 
vical and  lumbar  cur\^es.  These  secondary  curves,  says  Dr. 
Turner — "  are  the  characteristic  spinal  curves  of  man."  But 
Professor  Cunningham  noticed  them  in  the  chimpanzee  and 
also  in  some  quadrupeds  (<?.  g.,  bear).  This  plainly  indicates 
that  the  secondary  curves  can  be  associated  with  the  upright 
position. 

In  process  of  development,  as  will  be  shown  in  the  subsequent 
chapters,  there  are  three  distinct  stages  in  which  the  spinal 
column  assumes  a  characteristic  curvature.  First  the  natural 
continuous  curve  at  birth.  Second  the  cur\'e  which  appears 
in  the  cervical  region  when  the  infant  has  learned  to  sit  and 
to  support  its  head  erect  upon  the  trunk.  Third  the  ad- 
ditional dorsal  and  increased  lumbar  curv^es  which  make  their 
appearance  when  the  child  is  able  to  stand  and  walk  erect. 
These  characteristic  cur\'es  may  even  be  produced  in  an  infant 
when  it  assumes  different  positions.  When  it  is  lying  in  a 
normal  position  the  spinal  column  presents  the  long  convexity, 
if  the  head  is  thrown  back  there  appears  a  slight  convexity  in 
theneck.  if  in  addition  the  legs  are  drawn  out  the  lurnbar 
region  will  spring  forward.  The  latter  positions  are  not,  how- 
ever, natural  in  the  infant. 

The  relative  lengths  of  the  different  curves  are  different  in 
the  infant  compared  with  the  adult.  The  following  tables  from 
Aeby  and  Cunningham  will  clearly  show  the  ratios. 

1  Nature:  Vol.  XXXIII,  p.  378,  1886.  Report  of  Brit.  Assoc,  for 
Adv.  sc,  1897,  p.  771. 
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Relative  lengths  of  adult  spinal  curves  according  to  Aeby. 
Total  length  =: IOC. 

Cervical  Region.     Dorsal  Region.     Lumbar  Region. 
Females,  21.5  45.7  32.8 

Males,  22.1  46.6  31.3 

Cunningham's  ratio  from  6  males  and  5  females. 

Females,  21.6  45.8  32.8 

Males,  21.8  46.5  31.7 

Relative  lengths  of  spine  curves  according  to  Aeb)''s  measure- 
ments of  5  and  Cunningham's  measurements  of  3  infants. 

Aeb3^  25.6  47.6  26.8 

Cunningham,  25.1  48.5  26.4 

Other  measurements  of  the  lengths  of  infants'  spines  from 
the  head  to  the  sacrum. 


Absolute 

Length 

IN   M.    M. 

Rel.  Length. 

TOTAL=I00. 

Observer. 

Age  of  Infant. 

Cerv. 

Dorsal. 

Lum. 

Tot. 

Cerv. 

Dor.      Lum. 

Rasenel, 

3  mos. 

50. 

100. 

58. 

208. 

24. 

48.1       27.9 

Aeby, 

6     " 

52.5 

103. 

60. 

215-5 

24-3 

47-5      27.8 

Aeby, 

6     " 

53-5 

107. 

61. 

221.5 

24.1 

48.6      27.5 

Dwight, 

ID       " 

61. 

125. 

77- 

263. 

23.2 

47-5      29.2 

Rasenell, 

2  years, 

70. 

140. 

90. 

300. 

23-3 

46.7      30. 

Aeby, 

2      " 

79-5 

153-5 

98. 

531- 

24. 

46.4      29.6 

Dwight, 

3 

78. 

162. 

lOI. 

341- 

22.9 

47.5      29.6 

The  table,  if  continued,  would  show  that  after  the  5th  or  6th 
year  the  proportion  remains  about  constant. 

In  spite  of  the  individual  variations  and  personal  equations 
due  to  measurements  of  the  different  men,  the  tables  show  a 
marked  uniformity.  There  is,  it  appears,  a  fuller  development 
of  the  upper  part  of  the  skeleto'n  at  birth  than  the  lower.  ^ 

The  infant's  spine  thus  approximates  that  of  the  quadruped 
until  it  attains  the  age  of  a  year  or  sixteen  months,  which  is 
the  usual  so-called  creeping  stage.  At  the  time  when  the  hips 
and  the  knee-joints  are  completely  extended  and  gradually  draw 
the  leg  into  line  with  the  thigh  the  alternating  series  of  curves 
in  the  spine  appear.  In  this  position  the  center  of  gravity  is 
brought  directly  over  the  base,  which  enables  the  being  to  stand 
and  move  about  on  two  feet  with  the  greatest  ease  and  the  least 
expenditure  of  energy. 

Muscles.  The  muscles  of  the  infant  are  very  small  and  soft 
and  not  until  the  sixth  month  do  they  become  firm  and  resist- 
ing. Certain  muscles  are  more  highly  developed  at  birth  than 
others.  Thus  a  noteworthy  difference  is  observed  between  the 
muscles  of  the  arms  and  the  legs.    Although  the  gastro  cnemius 

iRotch:  Pediatrics,  p.  56. 
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and  the  soleus  muscles  are  developed  suflSciently  in  body  to 
form  the  calf  of  the  leg,  and  the  gluteus  maximus  is  enlarged 
into  the  buttock,  proportionally  and  in  function  these  muscles 
are  in  a  very  rudimentary  state  compared  with  the  muscles  of 
the  arms. 

Dr.  Robinson"  found  that  in  the  case  of  sixty  infants  under 
one  month  of  age,  there  was  an  exceedingly  strong  grip  of  the 
hands.  He  found  that  within  one  hour  after  birth  the}'  could 
hang  by  their  hands  onto  the  finger  or  stick  ^  of  an  inch  in 
diameter,  sustaining  the  weight  of  the  entire  body  for  a  period 
varying  from  two  seconds  to  one  minute.  Twelve  out  of  the 
sixty  could  hang  suspended  ]/->  minute  and  four  nearly  a  min- 
ute. This  strength  of  grasp  increased  very  rapidly  after  four 
days;  nearly  all  /a  minute  at  that  time.  The  faculty  appar- 
ently attained  its  maximum  development  at  two  or  three  weeks, 
several  children  hung  suspended  over  i}^  minutes,  2  hung  a 
little  over  two  minutes  and  i  hung  2)^  minutes.  During  that 
time  of  suspense  no  sign  of  distress  or  pain  was  evinced,  no  cry 
was  uttered  until  the  grasp  began  to  give  way. 

This  experiment  shows  that  the  hand  and  arm  are  developed 
functionally  at  birth,  and  the  proportions  are  in  striking  con- 
trast with  the  flexed  position  of  the  foot  and  thigh.  The  picture 
of  a  suspended  infant  reminded  Dr.  Robinson  of  a  favorite 
chimpanzee  "Sally"  in  the  zoological  garden. 

The  muscles  of  the  neck  are  also  in  a  rudimentar}'  state  of 
development;  unless  supported  the  head  rolls  off  the  infant's 
shoulders  like  a  ball.  The  head  can  be  rotated  through  an  arc 
of  90°  even  without  using  the  joint  between  the  atlas  and  axis. 
The  remarkable  strength  of  the  flexor  muscles  in  the  infant's 
body  in  comparison  with  the  flaccid  and  feeble  state  of  the  entire 
muscular  system  is  a  striking  phenomenon  whatever  may  be 
its  explanation. 

Surface  Anatomy. ^  Another  exceedingly  important  difference 
between  the  infant  and  the  adult  will  appear  in  a  study  of  the  sur- 
face anatomj'  of  the  spine.  In  the  adult,  especially  in  the  male 
where  the  muscular  system  is  well  developed,  there  is  a  depression 
wherever  the  skeleton  shows  a  prominence  owing  to  the  attach- 
ment of  the  muscles.  The  skeleton  shows  a  ridge  of  spines  in  the 
middle  line  of  the  back,  with  a  depression  on  either  side;  dur- 
ing the  normal  development  of  the  muscular  system  there  is  a 
median  furrow  formed  b}'  two  large  masses  of  muscles  in  which 
the  vertebrae  appear  prominent.  In  the  infant  this  is  not 
the  case  except  in  the  neck.    The  back  is  rounded,  later  devel- 

1  Huxley  :     Anatomy  of  Vertebrate  Animals,  p.  414.     Rotch  :     Pedi- 
atrics.    Turner:     Report  of  Brit.  Assoc,  for  Adv.  of  Sc,  1897,  p.  768. 
2 Nineteenth  Century,  Vol.  XXX. 
2 Rotch:  Pediatrics. 
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opment  flattens  the  back  and  brings  the  spinous  processes  into 
prominence  without  the  marked  median  groove,  this  appears 
only  when  the  muscles  of  the  back  become  fulh'  developed. 
The  laminae,  in  the  infant,  look  more  directly  back,  and  their 
presence  in  the  median  line  is  marked  by  knobs  and  ridges 
very  different  from  the  spine  of  the  adult.  Little  change  takes 
place  in  the  appearance  and  proportions  of  the  infant  spine  up 
to  iS  months,  but  at  three  j-ears  the  adult  condition  is  very 
markedly  approached. 

Early  Moveme7its.  If  we  compare  the  new-born  human  infant 
with  young  of  other  vertebrates  generally,  we  find  also  a  striking 
difierence  in  its  capabilities  of  assuming  the  characteristic  atti- 
tude of  its  specie.  The  fish  assumes  its  position  and  moves  off 
in  its  element  as  soon  as  hatched;  the  chick  can  stand  upon 
its  feet  immediately  after  it  is  liberated  from  the  shell;  the  calf 
or  colt  follows  its  parent  a  few  hours  after  birth.  But  the  infant 
is  most  helpless  of  them  all.  The  early  movements  of  the  quad- 
ruped are  directed  toward  the  end  making  for  its  existence. 
The  movements  of  the  human  infant  are  vague,  stretching,  re- 
flex actions,  entirely  purposeless,  usually  performed  in  a  jerking 
manner,  except  in  some  cases  the  hand  after  several  random 
attempts  accidentally  finds  the  mouth.  There  is  no  co-ordina- 
tion of  movements  in  the  infant,  but  the  movements  are  entirely 
spontaneous,  arising  from  individual  centers  without  any  order 
or  time  of  action  so  far  as  known,  and  not  determined  through 
the  senses.  Dr.  Mumford  '^  concludes  that  these  spontaneous 
movements  are  not  determined  by  forces  in  the  environment, 
so  far  as  we  can  see,  but  that  the  nerve  centers  which  produce 
them  act  separately  and  respond  as  such  to  a  specific  stimulus — 
a  reflex  action;  if  you  tickle  the  sole  of  the  foot  the  member 
is  withdrawn,  place  the  finger  in  the  palm  of  the  infant's 
hand  and  the  fingers  close  about  it. 

A  further  study  of  the  movements  of  the  infant,  especially 
the  movements  of  the  limbs,  shows  how  entirely  purposeless 
they  are.  After  a  time  these  spontaneous  movements  diminish 
and  disappear  entirely  or  become  transformed  into  surviving 
movements. 

Dr.  Mumford  holds  that,  though  these  early  infantile  move- 
ments are  aimless  so  far  as  the  individual  performing  them  is 
concerned,  the5'  are  not  necessarily  meaningless  as  regards  the 
development  of  the  race  of  which  the  individual  is  an  off-shoot. 
He  believes  that  it  is  quite  probable  that  these  movements  are 
vestiges  of  functions  of  the  limbs  which  were  of  prime  impor- 
tance to  the  members  of  the  race  at  another  and  an  earlier 
period  of  its  growth;  but  that  they  began  to  lose  their  prime 

2Brain,  Vol.  XX,  p.  290. 
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importance  and  consequent!}-  their  full  development  when  the 
fore-limbs  of  the  race  gradually  acquired  other  and  higher  func- 
tions. The  theory  is  suggestive  and  ingenious;  but  it  is  only 
suggestive.  In  the  light  of  the  preceding  investigations  let  us 
turn  to  the  returns  of  the  topical  syllabus.  Although  limited 
in  number,  the  returns  were  quite  full  in  detail  and  also  unami- 
mous  in  the  conclusions  based  upon  actual  observations. 

TOPICAL   SYLLABUS. 
Straightness  and  Uprightness  of  Body. 

This  circular  seeks  information  from  those  who  have  access  to  chil- 
dren on  any  or  all  of  the  following  points  which  are  to  be  co-ordi- 
nated in  a  study  of  the  many  stages  by  which  an  infant  acquires  its 
power  to  get  into  and  to  maintain  its  upright  position. 

Name  of  observer.  Age  of  child. 

Date.  Sex. 

Time  since  observation  was  made. 

1.  Measurements.  Arms-length;  size  above  elbow ; 
below ;  Legs-length ;  size  above  knee ;  below. 
Measure  length  of  limbs  from  body  to  tips. 

2.  Arms.     Are  fingers  bent  waking ;  sleeping;  clenched 
waking;               sleeping?          ,    Are  wrists  bent ;               elbows; 
shoulders  ?                Do  arms  lie  toward  front ;                 side  ?  Are 
movements  of  arms  toward  front;                 side? 

3.  Chest.     Does  chest  grow  flat ;  deep  front  to  back  ? 
Do  shoulders  grow  apart ;               together  ;  high  ;  low  ; 
square;                sloping?                Do  shoulder  blades  grow  apart ; 
together  ? 

4.  Legs.     As  child  lies  on  its  back  are  legs  bent  at  hips  ;         knees  ; 
ankles?  Is  the  sole  of  foot  turned  inward;  outward? 

Are  feet  turned  up  ;  down  ?  Position  of  toes — bent 

<  n"P  '  .  straight ;  used  as  fingers  ?  Motion  of  legs 

front ;  side  ? 

5.  Describe  first  efforts  to  sit  up  ;  (a)  how  propped  up  ;  (b)  in  what 
direction  is  the  body  most  apt  to  tip  over  ;  (c)  does  the  child  reach  best 
front  or  sideways  ? 

6.  Describe  the  process  of  getting  the  head  upright  or  balanced  on 
the  neck;  its  rolling  off;  learning  to  save  the  head  from  bumping 
when  it  tips  over,  saving  a  bump  by  hands  and  arms. 

7.  Describe  early  uses  of  leg  and  feet  that  anticipates  standing  and 
walking  ;  as  rhythmic  moving,  kicking,  pushing  feet  against  a  vertical 
surface. 

8.  Creeping,  (a)  First  efforts  to  turn  over  on  the  belly,  to  get  head 
up;  (b)to  prop  up  front  part  of  body  with  hands;  describe  any  and  every 
kind  of  creeping  or  locomotion  before  the  upright  position  ;  (c)  writh- 
ing along  worm-like  ;  (d")  hitching  in  sitting  position  with  one  or  both 
feet  or  alternately ;  (e)  getting  and  going  on  hands  and  toes,  elbows 
and  feet,  hands  and  knees,  knees  and  elbows;  (f)  in  progression  how 
do  the  limbs  act,  one  side  together  as  in  rocking  limbs  at  opposite 
corners  of  the  body  together,  or  in  what  order,  using  the  following 
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e.  g.,  to  siguify  first  the  right  arm,  the  left  leg,  the  left  arm,  and  last, 
the  right  leg.  If  ra  and  11  act  simultaneously,  place  them  on  the  same 
line. 

9.  Describe  exceptional  modes  of  progress  fully,  e.  g. ,  rolling,  going 
backwards,  on  one  side,  swimming  movements,  etc. 

10.  How  do  children  first  learn  to  go  up  and  down  stairs,  get  off  of 
a  bed,  a  chair,  and  any  other  things  involving  change  of  verticality 
of  body. 

11.  First  efforts  to  stand,  in  detail ;  Ca)  how  made,  beside  or  holding 
to  what;  (b)  conscious  or  unconscious;  (c)  what  effects  on  breath, 
gesture,  feeling,  etc.,  of  first  successful  effort;  (d)  effect  of  falls. 

12.  First  steps,  (a)  Are  they  beside  walls  or  how;  (b)  first  steps 
alone  and  unsupported,  conscious  or  unconscious;  (c)  after  the  first 
step,  and  confidence  is  acquired  do  the  children  you  know  tend  to  walk 
too  much;  (d)  effects  and  dangers  of  fatigue;  (e)  of  illness;  (f)  is 
there  a  marked  increase  in  size  and  fullness  of  legs  at  this  time  ;  (g) 
what  new  propensities  as  that  to  run  away,  more  use  of  hands  ;  (h)  is 
there  danger  of  prematurity  or  postmaturity  in  walking,  should  adults 
help?     Why?     Why  not? 

13.  Reversion.  When  does  child  revert  to  creeping  after  he  has 
learned  to  walk  ;  when  fatigued  ;  in  a  hurry  ;  excited;  after  sickness  ; 
after  fall?     Why?     Revert  to  early  manner  of  creeping ;  later? 

Miscellaneous,  (a)  Does  the  spine  hollow  to  co-operate,  as  angle  at 
hip,  straighten  out;  (b)  give  illustrations  of  children's  propensity  to 
climb;  (c)  describe  increasing  power  of  balance,  power  to  stand  on 
one  foot,  age  at  first  jump,  run,  hop.  (d)  have  you  noticed  any  changes 
in  health,  appetite,  circulation,  temper,  spirits  or  anything  else  your 
thoughts  might  be  connected,  as  cause  or  result  of  learning  to  walk, 
sit,  or  any  other  stages. 

Please  write  out  fully  any  peculiarities  the  child  may  have. 

Send  returns  to 

G.  STANLEY  HALL, 
or  A.    W.  TRETTIEN. 

Ct.\RK  University, 
Worcester,  Mass.,  Jan.  26,  1900. 

I.  The  measurements  under  number  one  were  made  by 
the  writer  under  as  nearly  uniform  conditions  as  possible. 
Although  the  number  of  measurements  of  individual  children 
was  limited,  the  extremes  appear,  so  that  in  general  they  give 
an  index  of  growth. 

The  figures  given  here  are  the  general  averages  and  extremes, 
representing  corresponding  measurements  of  the  arm  and  leg. 
In  each  case  the  measurement  of  the  arm  is  represented  by  100. 

Average  of  measurements  of  males  at  birth. 

Length  of  arm  and  leg,  100  :  134. 

Circumference  of  limbs  above  knee  and  elbow  joints,  100  :  146.5 

Circumference  of  limbs  below  knee  and  elbow  joints,  100  :  115. 

Average  of  measurements  of  females  at  birth. 

I,ength  of  arm  and  leg,  100  :  124, 

Circumference  of  limbs  above  knee  and  elbow  joints,  100  :  143.5 

Circumference  of  limbs  below  knee  and  elbow  joints,  100 : 1 14.5 
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Extremes  in  measurements  of  the  length  of  limbs. 

Males  at  birth.  Females  at  birth. 

Shortest,  100:105.  Shortest,  100:116.6 

Longest,  100:150.  Longest,  100:137. 

The  tables  of  the  Anthropometric  Committee  show  that 
males  at  birth  are  a  little  taller  and  heavier  than  females,  it 
also  shows  that  there  are  greater  extremes  among  males  than 
among  females.  The  figures  presented  here  clearly  show  the 
same  development  with  regard  to  extremities.  Males  at  birth 
average  a  greater  length,  their  lower  extremities  are  proportion- 
ately longer,  but  they  also  present  greater  extremes, 

II.  Arms.  The  returns  represent  observations  upon  182  in- 
fants; 93  males  and  89  females.  The  results  may  be  tabulated 
as  followed,  expressed  in  per  centum. 


Fingers. 
Clenched 
Bent 
Straight 

Males. 

83 
12 

5 

Females 

87 
4 
9 

Total  Average. 

85 
8 

7 

Wrists— Of  the 
and  58  females. 

109  returns,  51  were 

observations  of  m 

Bent 
Straight 

69 
31 

65 
35 

67 

33 

Elbows — no  observations; 

53  males, 

57  females. 

Bent 
Straight 

100 
000 

96 
4 

98 
2 

Shoulders — 58  observations 

;  27  males 

,  31  females. 

Bent 
Straight 

66 
34 

68 
32 

67 

33 

Arms — 98  observations;  47 

males,  51 

females. 

Lay  front 
Side 

98 
2 

92 

8 

95 

5 

The  returns  of  Number  2  show  that  the  arms  lay  forward 
from  the  shoulder,  the  movements  are  toward  the  front  in  97  % 
of  the  96  observations  recorded,  only  3%  found  it  difficult  to 
move  toward  the  front  and  easier  toward  the  side.  The  elbows 
and  fingers  are  bent  in  a  large  majority  of  cases;  of  the  no 
observations  made,  there  were  found  four  whose  elbows  were 
straight  and  these  were  all  females.  In  the  case  of  the  wrist 
there  is  a  difference,  67%  of  the  109  observations  made  show 
the  wrist  to  be  bent.  Thus  the  arm  and  hand  tend  to  retain 
the  prenatal  position  for  some  months  after  birth.  This  is 
especially  noticeable  while  the  infant  is  asleep  and  the  limbs 
assume  the  position  which  is  most  natural  to  its  organization. 
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The  arms  are  often  folded  over  the  chest  as  they  were  before 
birth. 

The  hand  at  this  time  furnishes  an  interesting  study  of  reflex 
action.  The  fingers  close  firmly  on  any  object  placed  in  the 
palm  of  the  hand.  Miss  Shinn  noticed  that  an  object  placed 
in  the  hand  was  seized  and  carried  to  the  mouth  long  before 
purposive  movements  had  developed.  The  spontaneous  move- 
ments are  almost  constant  in  some  children  when  awake  and  in 
others  when  asleep.  They  occur  as  slow  and  apparently  irreg- 
ular with  alternating  periods  of  rest  when  the  movement  ceases 
or  is  inhibited  by  some  other  form  of  movement.  Dr.  Francis 
Warner^  observed  that  the  movement  of  the  fingers  may  be 
temporarily  arrested  by  a  bright  object  before  the  eyes  or  a 
sudden  sound;  this  arrest,  after  many  repetitions,  may  be  fol- 
lowed by  a  new  series  of  movements  occurring  upon  less  and 
less  stimulation  and  with  increasing  quickness  and  accuracy 
as  time  goes  on. 

An  interesting  chart  has  been  prepared  by  Dr.  Warner  tracing 
these  irregular  spontaneous  movements  of  an  infant's  hand  for 
fifteen  minutes  when  9  days  old.  The  chart  also  shows  the 
inhibition  of  these  movements  by  sight  and  sound.  Miss  Shinn^ 
observes  that  while  the  spontaneous  movements  may  be  inhib- 
ited by  co-ordinated  movements  from  the  first  to  the  third  month 
after  birth  when  the  child  is  awake,  they  may  persist  in  sleep 
for  several  years. 

Dr.  Mumford'  has  carefully  studied  the  development  of  the 
independent  action  of  the  thumb  and  the  power  of  opposing  it 
to  the  rest  of  the  hand.  During  the  early  weeks  the  thumb 
appears  to  be  a  quite  useless  member,  the  hand  ignores  it  in  its 
grasping.  Small  objects  are  held  between  the  fingers  or  be- 
tween the  fingers  and  the  palm  with  the  thumb  either  turned 
in  with  the  object  or  extending  outside.  Only  after  two  or 
three  months  does  the  thumb  reverse  to  oppose  the  hand.  Dr. 
Preyer  found  this  development  appearing  the  12th  week.  Miss 
Shinn  the  9th  week  and  Dr.  Mumford  the  14th  week.  With 
the  fuller  development  of  the  thumb  appears  the  searching  and 
investigating  movements  of  the  index  finger.  The  finger  is 
pointed  at  objects  or  carried  in  advance  of  the  hand  as  a  scout 
sent  out  to  explore  a  new  and  strange  environment. 

I.     Fingers. 

I.  F.,  4  wks.  She  kept  her  fingers  clenched  both  awake  and  asleep, 
but  more  especially  while  asleep. 
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2.  M.,  3  wks.  His  fingers  were  clenched  both  wehn  awake  and 
asleep. 

3.  M.,  2  wks.  When  awake  his  fingers  were  bent,  but  when  asleep 
his  fingers  were  clenched. 

4.  M.,  2  wks.  The  fingers  of  the  baby  are  not  clenched,  but  only  a 
little  bent  when  awake,  but  when  asleep  they  are  clenched  tight. 

5.  M.,  5  mos.  The  fingers  are  bent  and  in  constant  motion  when 
awake  and  asleep. 

6.  F.,  2>^  mos.  Kept  her  hands  closed  when  awake  and  open  when 
asleep. 

7.  M.,  2  wks.  The  fingers  were  clenched  when  awake  but  clenched 
tighter  when  asleep. 

8.  M.,  3  wks.  When  awake  the  fingers  are  not  clenched,  when 
asleep  the  fingers  are  clenched. 

9.  F.,  3X  mos.  The  fingers  are  bent  loosely,  and  the  fourth  finger 
sticks  out  straight. 

10.  M.,  4  wks.  During  the  early  weeks  of  life  the  fingers  are  clenched 
when  awake  and  bent  when  asleep. 

11.  M.,  4  days.  Fingers  were  clenched  when  asleep  and  bent  when 
awake. 

12.  M.,  3  wks.  If  disturbed  in  sleep  the  little  fingers  would  spread 
out  like  a  fan. 

13.  F.,  I  wk.     The  fingers  are  slightly  turned  at  the  tips. 

14.  M.,  6  wks.  When  awake  the  fingers  are  moving  inward,  he  puts 
his  hand  out  straight  with  his  fingers  as  far  apart  as  he  can.  When 
asleep  the  fingers  are  bent. 

15.  F.,  8  wks.  The  baby's  fingers  are  generally  tightly  closed  when 
awake,  except  when  in  pain  they  are  clenched. 

16.  M.,  4  wks.  The  fingers  are  clenched  so  tightly  that  the  nurse 
must  pry  them  open  in  order  to  wash  the  palm. 

2.     Arms. 

1.  F.,  4  wks.  She  would  always  keep  her  elbow  bent  and  would 
seldom  attempt  to  hold  the  arm  straight. 

2.  M.,  2  wks.  The  wrists  are  but  slightly  bent;  the  elbow  is  con- 
siderably beut. 

3.  M.,  5  mos.     The  wrists  are  bent  inward. 

4.  M.,  3  wks.     The  wrists  and  elbows  are  bent. 

5.  F.,  2)/i  tnos.  The  arms  are  bent  from  the  elbows  when  asleep 
and  crossed  over  the  breast  so  that  the  right  hand  is  below  the  left. 

6.  M.,  3  wks.  The  movements  are  toward  the  front  usually,  the 
little  hands  double  up  when  resting  on  the  chest. 

7.  F.,  I  wk.  The  little  hands  are  clasped  over  its  chest,  if  it  has  its 
little  shawl  on  it  will  also  clasp  it  in  its  arms. 

8.  m.,  6  wks.  When  asleep  the  arms  are  folded  across  the  chest  so 
that  the  left  hand  is  near  the  mouth  and  the  right  a  little  below  it. 

///.       C/iesf. 

The  movements  of  the  infant's  arms  are  limited  to  the  plains 
extending  forward  from  the  body.  The  shoulder-joint  is  most 
free,  the  elbows  and  wrists  are  quite  rigid,  and  it  is  only  gradu- 
ally that  the  infant  acquires  the  ability  to  move  its  arms  side- 
wise  or  to  move  its  joint  freely. 

The  answer  to  these  conditions  will  appear  in  part  from  a 
study  of  the  chest  and  its  development.     A  study  of  the  returns 
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shows  that  the  growth  of  the  chest  continues  along  two  lines — 
in  depth  and  sideways. 

In  the  prenatal  stage  the  position  of  the  arms  is  across  the 
chest,  the  shoulders  are  brought  forward,  the  shoulder-blades 
separated,  giving  the  whole  body  a  round  appearance.  As 
growth  continues  after  birth  the  tendency  is  to  push  out  along 
the  line  of  least  resistance,  the  sternum  is  cartilaginous,  con- 
sequently the  chest  walls  are  pushed  forward  and  a  little  side 
of  the  median  line,  the  body  grows  in  depth  from  front  back. 
This  development  carries  the  shoulders  back  and  up  or  back  and 
down,  the  shoulder-blades  approach  one  another,  the  back  be- 
comes straight  and  the  shoulders  square  or  sloping. 

One  ob.server  says — that  "at  first  the  shoulders  grew  up, 
then  after  3  mos.  they  gradually  grew  sloping. ' '  Another  says — 
"  Florence's  shoulders  grew  very  square;  the  shoulder-blades 
grew  so  close  together  that  the  whole  body  was  pulled  back. ' ' 
This  is  the  natural  course  assumed  by  the  body  as  it  changes 
its  position  from  the  curved  or  stooping  attitude  to  the  erect. 
An  observer  who  noticed  the  fact  and  not  the  cause,  says  : 
' '  The  shoulder-blades  grow  together,  for  as  the  baby  learns 
to  straighten  up,  she  throws  her  shoulders  back."  An- 
other manner  of  growth  is  that  in  which  the  chest  grows  in 
width  and  apparently  becomes  flat,  in  this  case  the  shoulders 
and  shoulder-blades  are  crowded  apart.  The  back  keeps  pace 
with  the  chest.  Out  of  79  observations  made  37%  of  males 
and  53%  of  females  developed  sideways,  their  chests  becoming 
flat  and  broad.  With  this  development  the  shoulder  is  brought 
back,  so  that  a  wider  range  of  movement  becomes  possible,  and 
one  great  advancement  toward  adult  movements  is  made. 

1.  Arm  Movements. 

1.  F.,  4  wks.  All  her  movements  were  more  toward  the  front  of  the 
body,  and  only  gradually  off  to  the  side. 

2.  M.,  3  wks.     The  arms  move  up  in  front  first. 

3.  F.,  3  mos.  Her  arms  tend  to  lie  more  to  the  front  of  the  body 
and  the  arms  move  forward. 

4.  M.,  4  wks.  Movements  of  his  arms  were  in  front  of  the  body 
when  lying  on  my  lap. 

5.  M.  The  child  does  not  make  movements  toward  the  sides  until 
about  9  months  old. 

6.  F.,  5  wks.  If  the  child  wishes  to  reach  sidewise  from  its  body  it 
will  turn  its  body  to  face  the  object  and  then  extend  its  hand. 

2.  Chest. 

1.  F.,  3  mos.  When  Magdelena  was  small  her  chest  was  very  deep, 
but  after  she  was  about  3  mos.  old  her  chest  seemed  full. 

2.  M.,  6  mos.  The  baby  seems  to  be  growing  thicker  through,  the 
shoulders  are  growing  more  square. 

3.  F.,  3X  mos.  The  chest  grows  from  front  to  back  in  depth.  Her 
shoulders  grow  square  and  high. 

4.  F.,  Birth.     The  chest  grows  sideways,  the  child  grows  broader. 
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5.  M.,  3  wks.  The  chest  develops  sideways,  the  shoulders  grow 
apart. 

6.  M.  The  earl)-  year  of  Herbert's  life  his  chest  grew  in  depth;  his 
shoulders  grew  apart;  his  shoulder-blades  grew  together;  and  his 
shoulders  grew  low  and  sloping. 

IV.     Leg. 

The  prenatal  position  of  the  feet  is  maintained  after  birth  for 
some  weeks,  up  to  the  time  the  limbs  prepare  for  the  creeping 
and  walking  stages.  The  legs  are  bent  at  the  hip-joint  bring- 
ing them  forward.  The  knees  are  bent  and  usualh^  turned  out 
a  little;  the  feet  cross,  with  the  right  foot  laid  over  the  left, 
and  are  turned  up  with  the  soles  toward  the  median  line.  The 
toes  are  usually  curled  under  toward  the  sole  of  the  foot;  occa- 
sionallj'  one  is  found  where  the  toes  spread  apart  and  extend 
out  straight  from  the  foot.  Often  the  great  toe  is  found  to  be 
far  separated  from  the  other  toes,  with  the  tendenc}-  to  oppose 
it  to  the  sole  of  the  foot.  The  greatest  freedom  of  movement 
at  first  occurs  at  the  the  hip-joints,  with  less  at  the  knees  and 
little  at  the  ankle-joints.  The  movements  of  the  legs,  as  of 
the  arms  are  front  and  back,  rarelj'  toward  the  side.  It  is  a 
ver}'  frequent  occurrence  to  use  the  feet  as  hands  in  seizing  ob- 
jects and  carrying  them  forward  to  the  hands  and  mouth,  the 
storehouse  of  all  captured  prizes.  Several  instances  from  ob- 
servers will  illustrate  this.  One  speaks  of  the  spontaneous 
movements  of  the  opening  and  closing  of  the  toes,  similar  to 
the  movements  of  the  fingers,  when  the  child  was  awake  and 
asleep.  Another  states  that  the  toes  woiild  seize  and  hold  a 
pencil  or  other  object  of  proper  size  and  hold  it  so  tight  that  it 
was  difiicult  to  remove  it,  or  it  would  seize  and  hold  the  edge 
of  its  shirt  as  if  it  were  using  its  fingers.  Another  child  would 
work  its  way  toward  the  foot  of  its  couch  until  its  feet  touched 
the  perpendicular  round  sticks  at  the  foot  of  the  crib,  the  foot 
would  then  attempt  to  grasp  the  sticks,  finding  them  too  large 
for  its  grasp  it  would  move  its  foot  from  one  to  the  other  until 
it  came  to  the  central  wire  which  it  could  encircle  and  this  it 
seized  and  held  firmly.  Another  observer  states  a  peculiar  tend- 
ency in  a  child  7  months  old, — if  the  child  saw  an  object  she 
wanted,  which  could  not  be  reached  with  her  hands  she  would 
reach  for  it  with  her  foot,  if  successful,  she  pulled  it  along  with 
her  foot  until  it  was  near  enough  to  reach  it  with  her  hand.  It 
is  not  necessarj'  to  multiply  instances  any  further  to  remind  one 
of  the  cunning  devices  of  the  little  anthropoids  in  the  menag- 
eries reaching  for  their  peanuts. 

1.  M.,  10  mos.  When  laid  on  back  the  feet  are  crossed  and  turned 
upward.  The  motion  of  the  legs  is  toward  front,  side  movement  was 
developed  at  about  the  9th  month.  The  child  was  called  "Little 
Turk,"  from  the  position  of  his  legs. 

2.  M.  5^2  mos.     When  Robert  lies  on  his  back  his  legs  are  bent  and 
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he  imuicdiatel}'  raises  them  forward  to  seize  with  both  hands,  and  car- 
ries them  to  his  mouth.  The  knee  is  bent,  and  with  the  sole  of  the 
foot  is  bent  inward  ;  the  ankles  are  bent  out;  the  foot  is  bent  down- 
ward ;  the  toes  are  curled  under.  The  motion  of  the  legs  is  forward. 
He  grasps  the  stockings  with  his  toes. 

3.  M.,  9  wks.  The  great  toe  is  separated  from  the  others  and  is 
moved  more. 

4.  F.,  2j^  mos.  When  the  child  lies  on  its  back  the  legs  are  curved 
and  crossed.  They  are  not  mobile,  and  the  mother  has  hard  work  to 
pull  them  straight.  The  toes  are  spread.  The  movement  of  the  legs 
is  forward  at  lirst. 

5.  M.,  2  mos.  The  legs  are  curved  inward;  the  feet  are  turned 
downward;  the  toes  are  close  together  and  turned  backward.  The 
motion  of  the  legs  is  decidedly  toward  the  front. 

6.  F.,  3  mos.  When  lying  on  her  back  the  legs  are  bent  at  the 
knee  and  at  the  ankle.  The  soles  of  the  feet  are  bent  inward  and  the 
feet  are  turned  upward.     The  toes  are  spread  apart. 

Treatment  of  Infants  among  Primitive  Peoples. 

We  have  now  arrived  at  one  of  the  most  interesting  points 
in  the  process  of  development  of  the  child,  that  is  from  the  time 
when  the  head  is  balanced  upon  the  summit  of  the  spine  and 
the  body  begins  to  rise  into  a  sitting  position,  to  the  time  that 
the  child  takes  its  first  steps.  This  period  is  important,  for  the  * 
ignorance  of  parents  and  nurses  have  caused  many  a  child  to 
spend  its  life  a  poor  deformed  creature  at  the  mercy  of  society. 
To  know  whether  it  is  normal  for  a  child  to  develop  the  power 
of  co-ordination  and  thus  to  sit  or  stand  alone,  to  understand 
the  childish  actions,  whether  in  creeping  or  walking,  is  a  lesson 
which  has  taken  the  human  race  a  long  time  to  learn  ;  and  cer- 
tain parts  of  it,  even  in  civilized  lands,  have  not  yet  learned 
the  lesson. 

It  will  not  be  amiss  here  to  cite  several  instances  of  practices 
among  some  of  the  primitive  as  well  as  customs  among  civilized 
people  to  which  infants  are  subjected.  Dr.  Ploss^  has  said  that 
' '  the  manner  of  treatment  of  the  child  is  a  ver}'  accurate  stand-  * 
ard  of  the  stage  of  civilization  of  a  people. ' '  No  truer  words 
than  these  were  ever  spoken.  Superstition  and  ignorance  are 
the  two  mistresses  who  hold  the  keys  which  unlock  the  treasure 
house  and  set  truth  free.  They  are  also  the  stumbling  blocks 
in  the  way  of  progress  for  individuals  and  races. 

Primitive  as  well  as  civilized  people  have  looked  upon  infant 
development  as  an  unnatural  process.  They  have  had  an  en- 
tirely false  conception  of  the  natural  development  of  the  body 
and  its  various  organs  and  their  functioning  at  a  proper  time, 
if  not  interfered  with.  If  left  to  nature,  according  to  these 
people,  the  body  would  not  assume  a  proper  attitude,  therefore 
the}^  seek  to  aid  the  natural  growth  by  mechanical  treatment  of 
body  and  limbs  to  bring  about  their  ideal  forms,  and  it  is  need- 
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less  to  say  that  such  means  operate  directly  against  the  end 
sought. 

Dr.  Ploss^  tell  us  that  the  Wahumba  and  their  allies,  the 
Wakuafi  in  East  Africa,  have  a  practice  of  binding  the  lower 
part  of  the  leg  of  the  infant,  from  the  ankle  to  the  knee,  with  a 
bandage  which  remains  until  the  infant  grows  strong  enough  to 
raise  its  body  and  sit  up.  By  this  compression  they  seek  to  inter- 
fere with  the  development  of  the  calf  of  the  leg,  which,  accord- 
ing to  their  notion,  interferes  with  fast  and  continuous  walking. 
The  Maori  women  of  New  Zealand  daily  put  all  joints  through 
a  process  of  bending,  the  fingers  are  drawn  out  and  the  limbs 
stretched  to  make  them  limber.  Certain  tribes  of  Australia 
exercise  the  limbs  of  the  new-born  in  the  following  manner: — 
A  roll  of  muka  is  tied  quite  tight  around  the  knee  of  the  child 
in  order  to  give  it  straight  limbs,  its  arms  and  legs  are  drawn 
out  daily,  while  the  hands  and  fingers  are  bound  firmly  to  keep 
them  in  the  proper  position.  The  soft  flesh  is  often  so  com- 
pressed underneath  the  bandage  that  it  is  forced  out  at  the  sides. 
These  people  place  much  significance  upon  this  shaping  of 
the  body,  and  the  mother  is  considered  as  neglecting  the  sacred 
duty  toward  her  child,  if  she  does  not,  by  artificial  means, 
have  the  calf  of  its  leg  conform  to  the  statutory  provisions. 

It  is  the  custom  of  the  Kalmiickin  to  place  a  definitely  formed 
wedge  between  the  legs  of  the  child  in  order  to  bend  them  ac- 
cording to  the  prescribed  custom  that  they  may  be  the  more 
properly  adjusted  for  riding.  Certain  Armenian  people,  after 
the  15th  day  of  an  infant's  birth,  thoroughly  stretch  the  should- 
ers daily,  pull  out  the  legs  and  arms,  press  each  muscle  and 
joint,  raise  the  head  and  .stretch  the  neck  to  give  it  its  proper 
length,  or  the  child  is  suspended  by  its  feet  and  allowed  to 
swing  back  and  forth  several  times  like  a  pendulum,  then 
it  is  turned  about  end  for  end  and  the  process  repeated.  The 
Russians  press  every  muscle  and  member  of  the  bod}-  at  birth, 
on  the  second  day  the  infant  is  rubbed  and  whipped  with  a 
bundle  of  birch  twigs,  then  it  is  snatched  up  quicklj-  by  the 
feet  in  order  to  properly  adjust  the  members  of  the  body. 

Even  the  Germans  had  an  early  custom  which  is  practiced 
in  some  sections  of  the  country  to-day,  where  the  pressing  and 
stretching  process  was  employed  to  beautify  the  body.  In  modern 
times  in  Europe  and  America,  the  horse-collar,  a  sewing-ma- 
chine cover  and  other  means  are  emploj-ed  to  aid  the  infant  in 
sitting  up,  or  it  is  tied  in  a  chair  and  allowed  to  remain  so  that 
the  weight  of  the  head  and  trunk  becomes  too  great  to  be  sup- 
ported by  the  soft  and  grownng  bones.  Or  children  are  encour- 
aged to  walk  by  putting  them  into  a  walking  chair  before  the 
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limbs  cau  ^support  the  weight  of  the  body,  thus  endangering 
their  normal  development.  Our  age  of  civilization  is  not  yet 
freed  from  the  results  and  methods  of  infant  torture  which  were 
inflicted  upon  it  for  both  their  artistic  effect  and  also  to  hasten 
the  child's  normal  development.  From  these  illustrations  we 
see  that  there  was  lacking  in  primitive  people  and  even  among 
some  of  the  civilized  people  to-day  a  proper  appreciation  of  the 
normal  development  of  the  child.  And  one  of  the  greatest* 
drawbacks  of  a  proper  appreciation  is  a  lack  of  precise  facts 
concerning  the  healthy  child. 

During  the  early  months  some  people  believe  that  the  child 
must  learn  to  ' '  sit  up, ' '  and  consequently  they  carry  it  erect  on 
their  arms  during  the  first  weeks  of  its  life,  later  it  is  placed  in 
an  erect  attitude  upon  the  floor  or  in  a  chair.  The  chair  was 
used  early  in  history  as  a  means  of  teaching  the  child  to  sit. 
The  early  Romans  used  it;  it  was  found  in  the  early  Middle  Ages 
throughout  Europe.  Travellers^  to  different  parts  have  found 
the  chair  among  natives.  In  Queen  Charlotte's  Island,  voy- 
agers found  the  native  women  using  a  small  chair  made  of  three 
pieces  of  bark  fastened  in  a  convenient  manner.  In  this  chair 
the  child  was  placed,  after  it  was  rolled  in  the  skin  of  a  wild 
beast  and  fastened  securely.  Here  the  little  thing  was  fed  and 
rocked  to  sleep.  Among  the  Esquimos  on  the  Yukon,  Mr. 
Whymper  saw  small  chairs  made  of  birch  bark,  in  these  a  mossy 
seat  was  made  and  the  little  fellow  was  securely  tied  so  that  the 
mother  could  carry  the  chair  and  child  wherever  she  pleased. 
The  Chinese  and  Dutch  have  gone  a  step  further  and  have  com- 
bined the  sitting  with  walking  and  have  placed  the  child  in  a 
chair  with  rollers  so  that  as  the  little  one  begins  to  walk  it  can 
push  its  chair  with  it,  they  have  also  added  a  table  with  a  com- 
plete outfit  of  playthings  and  even  school  work  is  here  intro- 
duced. 

The  chair,  however,  is  an  article  not  yet  known  among  many 
primitive  peoples.  They  let  the  child  wallow  upon  the  ground 
and  let  it  learn  according  to  its  own  unfolding  strength  and  by 
its  own  intuition  and  observation.  This  is  not.only  true  of  the 
primitive  people  but  also  of  many  of  the  Oriental  who  sit  upon 
low  cushions  or  squat  upon  the  ground  with  their  feet  under 
them.  And  it  has  been  observed  that  when  the  adults  of  a  race 
assume  these  postures  in  sitting,  the  children  learn  the  same  by 
imitation.  Examples  may  be  cited  upon  this  point  from  travellers' 
records.  Thus,  the  Motu,  a  tribe  in  New  Guinea,  have  a  cus- 
tom in  which  the  men,  in  sitting,  usually  assume  the  squatting 
posture  placing  the  soles  of  their  feet  firmly  upon  the  ground 
and  rest  the  buttock  upon  the  heels.    The  women  and  children 
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usually  sit  down  upon  the  ground  with  their  legs  extending 
before  them.  The  Popuas  and  Malays,  the  Negrites  and  Fili- 
pinos, assume  similar  positions  when  resting.  As  the  children 
naturally  follow  and  imitate  the  mothers  earlier  than  the  fathers 
they  sit  as  the  mothers  do.  At  first  on  the  mother's  knees 
resting  their  backs  against  her  bod}^  then  with  increasing 
strength  the}'  assume  the  positions  alone. 

LocoMOTiox  OF  Infants  of  Primitive  People. 

Travellers  have  also  noticed  a  similar  peculiarity  in  the  man- 
ner of  locomotion  of  the  children  of  certain  tribes  which  are 
characteristic.  The  Arabian  children  as  well  as  those  of  some 
of  the  tribes  of  Africa  have  a  different  manner  of  creeping  from 
the  European  children.  In.stead  of  creeping  on  their  hands 
and  knees  as  the  little  Anglo-Saxon  is  wont  to  do,  they  sit  up 
and  slide  along  by  hitching.  Dr.  Livingstone  says  in  his  ' '  Last 
Trip  through  Central  Africa,"  "The  Manyuema  children  do 
not  creep  like  European  children  upon  their  hands  and  knees, 
but  begin  their  locomotion  by  placing  one  foot  forward  and  rest 
upon  the  other  knee,  usually  they  employ  both  feet  and  both 
hands,  but  never  both  knees.  The  Arabian  children  employ 
the  same  means,  the}'  move  along  on  both  feet  and  assist  in 
pushing  with  both  hands."  The  children  of  these  primitive 
people  learn  to  walk  much  earlier  than  do  the  European  and 
American  children.  Dr.  Graffe  observed  on  the  Island  of  Samoa 
that  children  of  9  and  10  months  followed  their  mothers  with 
tottering  steps. 

The  usual  manner  of  infant  locomotion  among  primitive  peo- 
ple, and  some  Oriental,  is  one  of  several  rather  exceptional 
means  employed  by  the  children  of  higher  civilization.  Anthro- 
pology has  not  yet  answered  the  cause  of  this  difference. 
Whether  it  is  due  to  physical  structure  of  the  body  or  to  mental 
characteristics  and  customs.  Though  students  are  inclined  to 
accept  the  latter  view. 

Mr.  R.  W.  Shufeldt^  describes  the  acts  of  an  infant  about  10 
months  old  which  he  saw  while  visiting  the  Navajos,  an  Indian 
tribe  inhabiting  parts  of  New  Mexico.  He  had  been  about 
the  huts  trying  to  secure  pictures  with  a  camera  when  he  saw 
in  a  path,  leading  from  one  hut  to  another,  an  infant  toddling 
along  which  he  believed  about  10  months  old.  The  little  fellow 
came  down  the  path  to  about  30  feet  from  where  Mr.  Shufeldt 
had  planted  his  camera  in  readiness  for  this  little  victim.  See- 
ing the  situation,  the  child  very  cautiously  left  the  path  and  was 
in  a  moment  behind  a  sage-brush  growing  along  side  the  path. 
From  this  position  he  peered  through  the  leafless  twigs.     Mr. 
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Shufeldt  then  tried  to  focus  his  instrument  anew  ;  while  his 
head  was  concealed  for  a  moment,  the  little  lad  ran  to  the  next 
brush  about  lo  feet  distance  toward  the  hut  he  was  approach- 
ing and  from  there,  crouched  down  and  stared  like  a  young 
lynx.  At  this  Mr.  Shufeldt  took  his  instrument  and  approached 
him  in  this  place,  but  upon  arising  he  had  scampered  to  the 
next  brush.  Now  becoming  desperate,  lest  he  should  lose  his 
picture,  Mr.  Shufeldt  ran  to  the  place  of  concealment  and 
pointed  his  camera  three  feet  from  the  little  fellow's  face.  At 
this  last  resort  the  child  stood  perfectly  erect  and  gave  for  the  first 
time  vent  to  his  infantile  bawl  and  made  a  desperate  break  for 
the  final  point  of  his  destination  as  there  was  nothing  else  left 
for  him  to  do.  This  ability  and  cunning  was  displayed  by  a 
child  lo  months  old. 

Psychological  Aspect  of  Spontaneous  and  Voluntary 
Movements  of  Infants. 

During  the  early  months  of  the  child's  life  we  accordingly 
see  important  changes  taking  place,  the  spontaneous  movements 
are  very  gradually  disappearing,  and  in  their  place  appear  the 
conscious  reactions,  even  apparently  shut  voluntary  eflForts. 
This  is  the  period  of  gradual  transition  from  the  racial  to  the 
individual  experience.  The  child  learns  to  carry  its  hand  to  its 
mouth,  the  movements  of  the  arms  and  legs  which  were  so 
jerky  and  vague  assume  a  more  rhythmic  and  controlled 
character.  What  changes  are  taking  place  in  this  transition 
from  the  purposeless  to  the  volitional  movements?  Several 
theories  have  been  advanced  in  explanation  of  this  step.  Ribot 
considers  the  acquired  movements,  like  walking,  inherited  and 
defines  inherited  as  something  that  was  at  some  time  acquired 
but  since  has  become  fixed  and  rendered  organic  by  numerous 
repetitions.  It  is  organic  memory.  Spaulding^  maintained 
that  "  the  progress  of  the  infant  is  but  the  unfolding  of  inher- 
ited powers."  C.  Lloyd  Morgan"  in  answer  to  this  says, 
'  'Spaulding  went  too  far.  Such  unfolding  there  is,  but  it  is  under 
the  guidance  of  individual  experience.  The  regular  flexions  and 
extensions  of  the  legs,  'which  appear  even  months  before  the 
first  successful  attempts  to  walk,  when  the  child,  held  upright 
on  the  floor,  is  pushed  forward,'  are  instinctive,  as  Prof.  Preyer 
points  out,  and  as  Prof.  Mark  Baldwin  has  shown.  But  un- 
der normal  circumstances  the  walking  of  the  child  is  not  solely 
an  instinctive  activity,  acquisition  largely  co-operates.  It  is 
the  joint  product  of  instinct  and  acquisition."    Mr.  Bain'  sums 
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up  his  view  when  he  says — ' '  the  instinctive  character  of  loco- 
•  motion,  so  obvious  in  the  inferior  animals,  is  less  apparent  in 
ourselves,  seeing  that  the  power  of  walking  is  not  possessed  by 
us  until  about  a  year  after  birth.  Nevertheless,  there  are  cer- 
tain strong  presumptions  in  favor  of  an  original  endowment 
entering  into  our  aptitude  for  locomotion."  The  Spencer- 
Bain  theor}'  attempts  an  explanation  along  the  line  of  the 
current  biological  adaptation.  As  Prof  Baldwin^  has  summa- 
rized the  theory — ' '  the  organism  is  endowed  with  spontaneous 
movements,  a  certain  spontaneity  of  action  which  must  be  as- 
sumed. Certain  of  these  spontaneous  movements  happen  by 
'  lucky  chance  '  to  succeed  in  bringing  the  organism  into  some 
special  adjustment,  better  exposed,  better  protection,  easier 
function,  etc.;  these  movements  are  accompanied  bx'  pleasure. 
The  pleasure  lingers  in  the  consciousness  of  the  creature  in 
connection  with  the  memory  of  the  particular  movement  which 
brought  it;  and  the  memory  of  the  pleasure  serves  to  incite 
the  creature  to  execute  the  same  movements  again,  whenever 
the  external  conditions  present  themselves.  The  repetition  thus 
secured  serves  to  fix  the  new  adjustment  as  a  permanent  acqui- 
sition on  the  part  of  the  organism. "  Here  we  have  the  assump- 
tion of  consciousness  with  pleasure  and  pain  and  the  power  of 
the  creature  to  associate  the  stimulus  which  produced  it  with 
the  movement  which  will  carry  it  toward  or  from  the  object 
which  produced  the  sensation.  And  Bain  adds — "Here  is 
assumed  the  law  of  pleasure  and  pain.  Pleasure  is  accom- 
panied by  heightened  nervous  energ}^  which  nervous  energy 
finds  its  way  to  the  lines  of  communication  that  have  been 
opened  up  by  the  lucky  coincidence. ' '  Prof.  Baldwin  ^  now 
goes  a  step  farther  by  what  he  calls  the  "  Motor  Excess,"  and 
says  that  pleasure  and  pain  can  be  agents  of  accommodation 
and  development  only  if  the  one.  pleasure,  carries  with  it  the 
phenomenon  of  'motor  excess,'  the  other,  pain,  the  reverse. 
Then  he  asks  why  certain  movements  which  are  accidentally 
more  adaptive  than  others  give  pleasure.  And  his  answer  is, 
that  the  movement  in  itself  is  not  pleasurable,  but  it  is  only 
pleasurable  in  so  far  as  it  gets  something  for  the  organism. 
Something  which  ministers  to  its  life,  that  gives  it  pleasure. 

This  view  assumes,  then,  that  "  the  organism  begins  with  a 
susceptibility  to  certain  organic  stimulations — food,  oxygen, 
etc. ;  these  when  present  give  pleasure,  the  pleasure  is,  physio- 
logicall}^  considered,  a  heightened  vitality  in  the  central  nuclear 
processes;  this  heightened,  central  vitalitj^  issues  in  a  motor 
excess  discharge;  from  the  resulting  abundant  and  varied  move- 
ments of  this  excess  discharge  those  are  selected  which  bring 
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^Ibid,  p.  189. 


CREEPING    AND    WALKING.  25 

more  of  these  vital  stimnlatious  again;  and  these  finally  keep 
up  the  vitality  of  the  organism,  and  by  the  repeated  excess 
movements,  provide  for  constantly  progressive  adaptations." 

This  summary  gives  us  the  evolutionary  view  of  movements. 
Biologically  speaking,  movement  is  controlled  by  the  "prin- 
ciple of  auto- differentiation."  The  organism  po.ssesses  the 
power  of  developing  in  a  definite  direction  and  into  a  definite 
end  product.  This  power  is  potentially  inherent  within  the 
smallest  germ.  Each  living  organism  carries  with  it  as  an 
essential  attribute  movement.  And  movement  which  is  a  con- 
comitant of  the  development  of  the  organ.  The  so-called 
"spontaneous  movements  "  of  the  lower  creatures  and  the  hu- 
man infant  are  organic.  As  the  nervous  system  develops,  form- 
ing co-ordinations  of  the  different  centers  and  the  movements 
become  more  rhythmic  and  less  spasmodic,  as  consciousness 
unfolds,  these  movements,  as  any  other  stimuli  produce  certain 
psychic  states  which  can  be  reproduced  at  will  and  the  once 
spontaneous  movement  becomes  voluntary.  Observations  show 
also  that  a  successful  reproduction  of  the  co-ordinated  move- 
ments in  the  infant  produce  pleasure  and  it  wills  to  repeat  a 
movement  again  and  again.  There  is,  then,  in  the  child  a  phy- 
siological development  as  well  as  a  psychic  unfolding  which 
bridges  the  racial  and  individual  experience. 

Let  us  observe  the  facts  as  they  appear. 

Attempts  of  the  Infant  to  Rise  Up. 

The  first  tendency  in  the  child  to  rise  into  a  sitting  posture 
is  manifested  in  its  struggling  when  it  is  put  down  into  its  crib, 
after  it  has  been  carried  in  the  arms,  during  the  early  months 
of  life.  There  is  an  attempt  to  raise  the  head.  This  is  due  to 
the  fact  that  the  primitive  segments  of  the  cervical  region  of  the 
spinal  column  develop  first  and  precede  in  growth  the  remain- 
ing parts.  The  upper  parts  of  the  entire  body  develop  earlier 
and  consequently  function  earlier  than  the  lower  parts  through- 
out the  earl}^  years.  The  time  when  the  infant  can  first  raise 
the  head  varies  with  difierent  individuals;  some  are  able  to  hold 
it  erect,  and  even  balance  it,  at  birth,  but  in  general  it  is  about 
at  the  the  age  of  two  or  three  months  when  the  head  is  raised 
and  about  four  or  five  months  before  the  muscles  are  co-ordi- 
nated which  maintain  it  erect  and  keep  it  from  vascillating. 

The  head  of  the  infant  which  rolls  off  the  shoulder  may  fall 
in  any  direction;  most  often,  however,  it  falls  forward  upon  the 
thorax  and  rolls  toward  the  side.  The  muscles  of  the  neck  at 
birth  are  very  small,  as  has  been  indicated  in  the  foregoing 
table,  since  the  neck  increases  nine  times  its  size  at  birth. 
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MOVEMEXTS    OF   THE    HEAD. 

1.  M.,  2  nios.     Head  rolled  off  in  every  direction. 

2.  F.,  1  mo.     Head  falls  side  and  back. 

3.  F.,  3  nios.     Head  rolls  toward  front  and  then  toward  side. 

4.  F.,  3  mos.     Head  rolls  toward  one  side. 

5.  M.,  birth.  Lifted  his  head  without  apparent  effort  on  the  day  of 
his  birth.  Seemed  able  to  control  the  movements  of  his  head  from 
the  first. 

6.  M.,  3  days.  Tried  to  raise  head  but  failed.  Head  fell  toward 
front. 

7.  M.,  I  mo.     Head  rolled  off  front,  then  sideways. 

With  the  ability  to  raise  and  balance  the  head,  the  muscles 
of  the  back,  chest  and  abdomen  develop  so  that  the  infant  may 
some  day  surprise  its  mother  or  nurse  by  suddenly  stiffening 
its  neck  b}^  straining  its  back  and  seizing  firmly  the  side  of  the 
crib  and  pulling  its  body  into  a  sitting  posture,  or  rising  on  its 
knees  while  in  its  bath.  Very  frequently  this  first  successful 
ri.se  is  the  result  of  a  special  and  strong  stimulus,  such  as  a  fit 
of  crying,  hearing  an  unfamiliar  sound,  etc.,  and  when  its 
feeble  efforts  are  rewarded  by  success  a  smile  of  joy  passes 
over  the  face  of  the  little  one. 

Many  children  are,  however,  given  the  suggestion  to  rise  in 
a  sitting  position  by  grasping  a  parent's  extended  fingers  and 
are  then  pulled  erect.  Miss  Shinn  observed  that  as  early  as  the 
seventh  week,  when  the  mother  held  the  hands  of  the  child  in 
wiping  her  after  her  bath,  there  were  slight  muscular  contrac- 
tions, though  with  no  intent  to  pull  herself  up,  as  her  mother 
had  tried  to  develop  it  b}^  giving  her  a  finger  and  pulling. 
When  the  child  was  three  months  old,  she  succeeded  in  rising 
up  by  the  aid  of  the  fingers,  but  immediately  tipped  over  side- 
ways. After  that  she  tried  twenty-five  times  in  succession  to 
lift  herself  by  her  abdominal  muscles,  but  could  onlj'  lift  her 
head  and  shoulders.  She  was  then  stopped  as  she  showed  dis- 
couragement. The  common  method  employed  by  children  in 
sitting  up  when  placed  upon  the  floor  on  their  backs  where  they 
cannot  pull  themselves  up  b}'  their  hands  is — b}'  first  rolling 
over  upon  the  stomach;  they  then  rise  upon  the  hands  and  knees, 
turn  sidewise  in  a  half  reclining,  half  sitting  position,  support- 
ing the  body  with  one  hand  and  finally  raise  the  trunk  into  a 
sitting  position.  A  rather  peculiar  manner  is  seen  in  Miss 
Shinn' s  niece.  The  child  first  rose  to  her  hands  and  knees, 
then  separated  the  knees  and  lifted  herself  backward  into  a 
sitting  position,  landing  the  child  with  its  legs  spread  wide 
before  turning  out  at  each  knee  in  a  right  angle.  This  excep- 
tional sitting  position  w^as  invariablj'  assumed.  The  usual 
position  for  children  is  the  simian — in  which  the  legs  are  ex- 
tended forward  with  the  soles  turned  toward  each  other. 
After  such  exercises,  repeated  daily,  children  soon  learn  the 
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possibilit}'  of  sitting  erect  and  are  not  content  to  lie  down  when 
not  asleep. 

1.  F.,  4  mos.  Baby  could  not  raise  itself  when  lying  down.  One 
day  it  was  angry  because  it  wanted  to  be  taken  from  its  cradle.  It 
stiffened  its  neck,  seemed  to  exert  all  the  muscles  of  its  chest  and 
abdomen,  and  after  falling  back  two  or  three  times  succeeded  in  rais- 
ing its  body  into  a  sitting  position. 

2.  F.,  2  mos.  When  Mary  first  began  to  sit  up  she  would  stiffen  her 
neck  and  then  her  back  and  try  to  balance  herself  in  that  manner. 

3.  M.,  3  mos.     First  raised  its  head  like  a  turtle. 

4.  M.,  4  mos.  Bab)-  first  raised  its  head  again  and  again  until  it 
could  raise  its  head  and  back. 

5.  M.,  4  mos.  Tried  to  sit  up  when  lying  on  its  back,  but  could 
only  succeed  in  raising  the  head  from  the  pillow.  After  repeated 
efforts  it  got  over  on  its  side,  then  it  pushed  itself  up  and  rested  on 
its  arms  in  a  half  reclining  position. 

6.  F.,  I  mo.  Helen  tried  to  sit  up  by  first  taking  hold  of  the  side  of 
the  crib  and  then  tried  to  pull  herself  up. 

7.  F.,  2  yrs.  Tried  to  sit  up  by  raising  her  head  up  as  far  as  possi- 
ble without  using  her  hands. 

8.  F.,  2  mos.  This  child  while  lying  on  its  back  would  raise  its 
feet  and  head,  the  head  in  its  effort  to  rise  would  bob  from  side  to  side. 

9.  F.,  4  mos.  In  trying  to  sit  up  the  child  will  first  raise  its  head, 
then  its  back,  followed  by  frantic  efforts  to  rise  farther. 

10.  M.,  2  mos.  In  trying  to  sit  up  the  baby  would  first  raise  its 
head,  then  try  to  pull  up  the  body  with  all  its  might. 

11.  F.,  i}i  mos.  I  have  seen  Mary,  when  lying  in  her  crib  or  car- 
riage, take  hold  of  it  with  her  hands  and  try  to  pull  herself  up. 

12.  M.  The  baby  was  lying  in  its  bed;  it  took  hold  of  the  side  with 
its  hands  and  succeeded  in  raising  its  head  up.  It  would  then  lie  back 
and  rest  awhile  and  soon  repeat  the  process. 

After  the  muscle.s  of  the  neck  and  trunk  have  developed 
sufl&cieutl)^  to  raise  the  head,  the  child  must  still  learn  to  co- 
ordinate their  movements  and  tension,  to  balance  it  upon  the 
trunk.  The  head  at  first  bobs  and  jerks  from  side  to  side,  for- 
ward and  back,  under  which  conditions  the  infant  manifests 
not  a  little  interest  mingled  with  anxiety  and  determination. 
Unexpectedly,  however,  the  head  takes  a  sudden  roll  forward 
and  sidewise  through  a  great  part  of  the  arc,  regardless  of  conse- 
quences. There  are  as  yet  no  compensation  movements  to  pro- 
tect it.  The  only  wa)'  in  which  nature  has  favored  the  infant* 
against  serious  bumps  at  this  time  is  in  allowing  the  muscles 
which  raise  the  head  to  precede  the  muscles  of  the  trunk  in 
development.  The  infant  makes  no  attempt  to  save  its  head 
from  injur}^  until  later  when  it  can  raise  its  body.  Then  after 
repeated  experiences  are  the  movements  of  falling  and  the  sud- 
den stop  associated,  and  compensation  movements  manifest 
themselves.  From  the  returns  and  observations,  it  appears  that 
there  are  three  different  means  employed  of  saving  the  head 
from  bumps.  First,  a  twitching  of  the  eye;  second,  turning 
the  head  in  another  direction  to  oppose  the  fall;  and  third, 
putting  out  the  hand  to  secure  the  head  or  intervene  between 
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it  and  the  obstacle,  thereby  making  a  softer  surface  to  strike. 
The  last  seems  to  be  by  far  the  most  common. 

1.  M.,  5  mos.  Baby  does'ti't  know  enough  to  keep  his  head  from 
bumping,  just  falls  over  and  bumps. 

2.  F.,  8  mos.  First  made  no  attempt  to  save  the  head;  later  it  used 
the  hands  to  shield  the  head  and  tried  to  fall  on  the  hands. 

3.  M.,  2  mos.  If  the  head  rolled  off,  or  even  if  you  lowered  him 
quickly,  he  would  shut  his  eyes  and  throw  his  hands  forward  to  save 
himself. 

4.  M.,  7  mos.  Put  his  hand  on  surface  against  which  his  head 
might  fall  to  save  it  from  the  bump. 

5.  F.,  6  mos.  The  child  holds  on  to  the  pillow  with  the  hands  to 
save  its  head  from  bumps. 

6.  F.,  3  mos.     After  a  few  bumps  she  would  put  up  her  hand. 

7.  M.,  4  mos.     Simply  lets  the  head  bump. 

In  the  same  manner,  it  requires  several  weeks  for  the  muscles 
of  the  trunk  to  develop  sufficienth^  to  balance  the  body  in  the 
sitting  posture. 

The  returns  show  that  the  body  falls  over  forward  and  toward 
either  side,  but  usually  toward  the  front  and  toward  the  right 
side.  This  fact  shows  that  the  legs  at  this  time  already  play  a 
little  part  in  supporting  the  body  as  braces.  In  case  the  body 
falls  toward  the  right  side  and  a  little  forward  we  can  probably 
see  the  influence  of  the  prenatal  position  of  the  right  leg,  which 
is  often  raised  and  extended  across  the  body,  so  that  the  position 
of  the  left  leg  upon  the  floor  more  firmly  than  the  right  may 
throw  the  bod}^  as  it  falls  forward  toward  the  right.  The  move- 
ments of  the  hand  are  almost  entirely  directed  forward.  The 
bab}-  reaches  forward,  in  case  there  is  an  object  at  the  side  which 
it  wants,  the  bod}'  is  turned  to  face  the  object,  then  extends  its 
hand.  In  case  an  attempt  to  reach  sideways  is  made  the  body 
is  sure  to  fall  in  that  direction.  This  shows  conclusively  that 
the  co-ordination  of  movements  takes  place  along  a  certain  line 
and  is  subject  to  a  law  of  development  which  is  much  influenced 
by  prenatal  conditions.  At  about  the  seventh  to  the  ninth 
month  the  normal  child  has  sufilcient  control  of  its  muscles  to 
enable  it  to  sit  erect  without  being  held  or  fear  of  falling  over. 
It  cannot  yet  move  nor  does  it  attempt  to  do  so.  Dr.  Rotch^ 
says  of  this  period  of  child  growth  ' '  that  as  long  as  the  infant 
can  be  made  happy  in  the  prone  position,  whether  in  the  nursery 
or  carriage,  it  is  better  for  it  to  be  kept  in  this  position.  When  it 
begins  to  sit  up  during  the  first  year  the  back  should  be  care- 
fully supported  b_y  a  pillow."  The  hospital  reports  show  that 
the  manner  of  carrying  children,  as  well  as  the  means  employed 
in  teaching  them  to  sit  up,  results  in  serious  spinal  deformities, 
as  the  weak,  undeveloped  muscles  have  a  tendency  to  allow  the 
formation  of  a  lateral  and  posterior  curvature. 

^Dr.  Rotch :  Pediatrics. 
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1.  F.,  2  yrs.     The  baby  would  fall  toward  the  front. 

2.  M.,  9J^  mos.  The  baby  would  fall  toward  the  front  and  side,  but 
more  frequently  toward  the  right  side. 

3.  M.,  5  mos.  The  child  was  propped  up  in  a  horse  collar  on  the 
floor,  it  then  would  fall  forward  on  its  face. 

4.  M.,  r  mo.  The  child  was  propped  up  with  pillows,  he  would 
then  try  to  lift  his  head  and  look  around,  but  his  head  would  roll  off 
sideways.  He  falls  toward  the  front  and  always  when  about  to  go  puts 
out  his  hands  and  closes  his  eyes. 

5.  F.,  6  mos.     The  baby  was  most  apt  to  tip  over  toward  the  left  side. 

6.  F.,  4  mos.  Mabel  was  taught  to  sit  up  alone  by  being  put  in  a 
sewing  machine  top  with  pillows  and  blankets  around  her. 

7.  M.,  2  mos.     Baby  was  most  liable  to  fall  toward  the  right  side. 

8.  M.,  I  mo.  The  baby  falls  forward  and  almost  always  toward  the 
right. 

Rolling  Over  and  Creeping. 

Dr.  Plosssays  "  the  child  will  learn  to  walk  by  its  own  efforts, 
if,  at  the  time  it  feels  the  increasing  strength  of  its  muscles,  it 
is  allowed  to  exercise  its  limbs  upon  the  floor. ' '  At  first  very 
feebly  it  sits  erect,  then  follow  its  desires  to  change  position 
and  reach  for  or  move  toward  di.stant  objects  by  getting  upon 
its  hands  and  knees  and  creeping  or  hitching  along  with  its 
feet  to  the  desired  spot.  Creeping  or  hitching  is  then  a  neces- 
sary step  to  walking. 

The  study  of  creeping  as  it  appears  in  this  chapter  is  based 
upon  the  returns  of  observations  made  upon  150  different  chil- 
dren representing  those  of  American,  English,  German  and 
Irish  parentage.  As  creeping  and  walking  are  entirely  volun- 
tary movements  the  individuality  of  the  child  appears  very 
markedly. 

The  returns  show  that  early  in  life,  sometimes  by  the  third 
month,  the  reflexes  of  the  legs  become  more  or  less  co-ordinated 
into  differentiated  rhythmic  movements,  which  are  simply  alter- 
nating leg  movements.  They  may  be  forward  and  backward  or 
the  reverse,  rarely  sideways.  These  rhythmic  kicks  may  very 
early  be  stimulated  by  touching  the  soles  of  the  feet  to  a  cov- 
erlet or  floor.  Some  children  will  amuse  themselves  for  half  an 
hour  by  simply  repeating  these  alternating  movements.  Prof. 
Baldwin  noticed  in  one  of  his  children  that  alternating  move- 
ments were  backward  but  that  creeping  had  a  tendency  to  cor- 
rect them. 

At  seven  months  the  well,  strong  child  will  enjo}'  standing 
on  its  feet  if  supported.  It  will  straighten  its  legs  and  press  its 
feet  against  a  resisting  surface.  It  will  jump  and  kick  vigor- 
ously. 

M.,  10  mos.  Baby  would  push  its  feet  against  the  crib  or  pound  its 
feet  on  the  floor  when  lying  down  with  much  enjoyment. 

M.,  7  mos.  When  placed  so  that  his  feet  could  touch  a  flat  surface, 
he  would  put  down  his  feet  as  if  trying  to  walk.  Would  also  push 
his  feet  against  a  person's  lap  in  standing  up. 
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F.,  3  mos.     Pushed  with  her  feet  against  one's  body. 

M.,  4-6  mos.  Lay  on  the  floor  on  his  back  and  kicked  for  20  minutes 
with  much  apparent  enjoyment. 

F.,  9  mos.  In  trying  to  stand,  she  would  jump  up  and  down  on  her 
mother's  lap,  and  place  one  foot  on  the  top  of  the  other. 

M.,  6  mos.  As  soon  as  he  felt  his  toes  touching  he  would  dance  up 
and  down.  His  little  back  would  stiffen  and  his  leg  would  straighten 
out. 

The  manner  of  turning  over  on  the  bellj^  preparatory  to 
creeping,  varies  with  diflferent  children.  Some  thoroughly  en- 
joy lying  on  the  abdomen,  vi^hile  others  do  not,  one  observer 
states  that  she  could  always  stop  a  child  from  crying  by  placing  it, 
when  very  young,  across  her  knees.  This  position  may  have  re- 
lieved a  disturbed  stomach  or  other  visceral  ailment.  Other  chil- 
dren may  roll  over  accidentally  and  find  that  they  can  apply 
their  hands  to  better  advantage  than  when  lying  on  their  backs. 
Other  children  do  not  enjoy  lying  in  a  prone  position,  especially 
after  they  have  gained  sufficient  strength  to  sit  erect.  They 
lean  forward,  sidewise,  and  turn  part  way,  half-reclining,  half- 
sitting.  By  irregular  movements  they  assume  a  variety  of  posi- 
tions. The  majority  of  children,  however,  will,  when  placed 
upon  the  floor,  after  they  have  gained  sufficient  strength,  roll 
over  on  the  abdomen  and  pat  the  floor  with  the  palms  of  their 
hands.  When  this  position  has  been  gained,  children  will  soon 
learn  to  raise  the  bodj-  with  their  hands.  One  observer  re- 
marks— "  when  Eva  first  attempted  to  support  her  body  with  her 
hands  she  would  put  her  little  hands  flat  on  the  floor  and  with 
a  great  strain  tr}-  to  raise  her  body.  Her  first  efforts  failed; 
soon  she  could  raise  the  body,  but  not  sufficiently  to  straighten 
her  elbows,  and  after  a  few  moments  her  strength  gave  way  and 
the  body  fell  heavily. ' ' 

The  different  means  employed  b}'  children  in  turning  over 
on  the  belly  vary  from  the  purely  accidental  to  those  which 
appear  to  be  voluntary.  Some  roll  over  while  trjang  to  reach 
forward  for  an  object  and  often  manifest  extreme  surprise  at 
the  position,  or  they  cr}',  perhaps  because  of  the  shock.  Others 
roll  over  upon  the  side  after  much  wnggling,  and  then  bj^  a 
sudden  movement  of  the  hand  or  leg  roll  over,  or  they  may 
throw  one  or  both  legs  over,  thus  carrying  the  body  over  upon 
the  side.  Still  other  children  turn  over  from  the  sitting  posi- 
tion. They  first  tttrn  over  on  the  side  then  upon  the  bell3\ 
The  same  method  is  usuall}'  employed  by  a  child  which  was 
first  successful,  no  matter  how  laborious. 

Rolling  Over  on  the  Abdomen.  Raises  the  head  a  little  and  a  cor- 
responding movement  of  the  legs — then  rolls  over  with  one  arm 
underneath  it.     After  repeated  trials  this  arm  was  drawn  out. 

Child  was  lying  on  its  back,  it  rolled  over  upon  its  side  with  one 
arm  under  it.  In  its  effort  to  get  its  hand  out  it  rolled  over  on  its 
belly.     It  first  placed  arms  out  at  full  length  upon  the  floor. 
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M.,  lo  mos.  lu  making  au  attempt  to  roll  over  he  would  raise  his 
head  and  roll  over  on  his  side  as  far  as  possible  and  strain  as  hard  as 
he  could.     He  would,  at  times,  be  unsuccessful  and  cry. 

M.,  9  mos.  When  the  child  reached  for  something  he  toppled  over, 
then  in  trying  to  get  up  again  he  props  himself  up,  and  in  this  manner 
acquired  the  habit  of  creeping. 

M.,  lo.  Put  one  hand  on  the  floor  and  held  one  leg  still  while  it 
threw  the  other  over,  carrying  the  body  to  the  side. 

F.,  8  mos.  When  sitting  on  the  floor,  she  would  roll  over  on  her 
side,  then  turn  over  on  her  belly  and  kick. 

F.,  9  mos.     Put  hands  over  to  one  side  then  turned  the  body  after. 

Creeping.  From  this  position  of  sitting  one  of  the  various 
forms  of  creeping  is  easily  emplo3'ed.  A  study  of  150  children 
(males  and  females  equally  divided),  shows  that  60%  crept 
while  of  the  remaining,  30%  moved  along  by  hitching,  7%  by 
rolling,  3%  by  crawling,  swimming,  or  some  other  means 
peculiar  to  the  individual.  ^  Fifty  %  of  the  creepers  moved 
forward  on  their  hands  and  knees,  moving  their  limbs  on  the 
opposite  corners  of  the  body  together.  ^  Twenty  %  moved  for- 
ward on  their  hands  and  knees  but  moved  the  limbs  on  the 
same  side  of  the  body  at  the  same  time  as  in  pacing.  Nine  % 
walked  on  their  hands  and  feet  with  the  limbs  on  the  opposite 
corners  of  the  body  moving  together,  except  one  little  girl 
moved  the  limbs  on  the  same  side  together.  One  little  boy 
planted  the  feet  out  aside  of  the  tracks  of  his  hands.  Twelve 
%  (7  males  and  4  females)  walked  on  their  hands  and  dragged 
the  bod)^  and  legs,  and  6%  (3  males  and  2  females)  crept 
backwards.  One  used  his  hands  only  in  pushing  the  body 
back  to  the  desired  spot.  The  remaining  3%  had  movements 
which  were  distinct  from  any  other  or  combinations  of  other 
movements  of  creeping,  such  as  creeping  on  the  hands  and 
knees,  the  hands  alternating  and  the  knees  moving  together  as 
in  jumping;  creeping  by  the  use  of  both  arms  and  one  leg 
while  dragging  the  other  leg;  or  by  the  use  of  only  one  arm 
and  one  leg. 

M.,  12  mos.  In  creeping  he  used  first  one  hand  then  the  other,  then 
drew  up  both  legs  together. 

This  child  goes  along  with  one  leg  out  straight  behind,  creeps  on 
its  two  hands  and  one  knee. 

M.,  6  mos.  He  crept  in  the  ordinary  way,  using  the  1.  a.  and  1.  1., 
then  r.  a.  and  r.  1. 

F.,  6  mos.  Crept  on  both  hands  and  with  right  foot,  dragging  the 
left. 

F.,  7  mos.  When  D —  sits  on  the  floor  she  goes  over  to  the  right, 
raises  herself  with  her  right  hand,  then  gets  on  her  hands  and  knees 
and  creeps  around,  making  a  great  noise  for  a  small  child. 

M.,  f^Yz  mos.  James  used  to  creep  in  a  ver)'  peculiar  manner.  He 
only  used  one  arm  and  one  leg.  He  would  rest  on  the  other  side  of 
the  bod}',  but  never  use  those  limbs  in  creeping. 

1  Boys  and  girls  equally  divided 
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F.,  lo  mos.  D —  began  creeping  at  the  age  of  ten  months;  she 
moved  the  r.  a.  and  1.  1.,  then  the  1.  a.  and  r.  1. 

F..  ID  mos.  Lucy  first  began  to  creep,  then  walked  on  her  hands 
and  feet. 

F.,  6  mos.     Walked  on  hands  and  toes. 

F.,  II  mos.  The  baby  got  on  its  stomach  and  with  its  two  hands 
endeavored  to  move  along,  occasionally  kicking  slightly  with  its 
lower  limbs.  In  moving  the  limbs  acted  alternately.  One  day  evi- 
dently the  child  could  not  creep,  in  this  way,  fast  enough  to  suit  her- 
self, so  she  very  quickly  turned  round  and  by  the  use  of  her  hands 
and  by  kicking  her  feet  she  pulled  herself  backwards. 

M.  The  child  is  very  fat.  He  does  not  creep  on  his  hands  and 
knees,  but  sits  square  down  on  the  floor  and  by  the  aid  of  his  hands 
slides  along. 

M.,  5  mos.  He  would  put  his  hands  on  the  floor  and  then  slide  his 
feet  out  from  under  him  toward  the  back. 

M.,  6  mos.  To  get  along  on  the  floor,  he  would  sit  on  his  right  leg 
and  rest  on  his  right  hand,  dragging  his  left  leg  after  him  and  using 
his  left  hand  for  propulsion. 

M.,  6  mos.     He  pushed  himself  backward  with  his  hands. 

The  baby  lay  on  its  stomach  and  used  her  arms  half  bent  to  drag 
herself  along. 

M.,  9  mos.  Little  Frank,  in  trying  to  move  about  the  room,  would 
place  his  hands  flat  on  the  floor  just  as  far  in  front  of  him  as  he  could 
possibly  reach,  then  bear  his  weight  on  them  and  lift  the  front  part 
of  the  body  off  the  floor,  then  he  would  give  a  spring  ai_d  throw  his 
body  forward.  His  little  twin  sister,  Marjory,  would  lie  almost  flat 
on  the  floor  and  wriggle  along  like  a  worm,  first  to  one  side  then  to 
the  other,  with  her  hands  in  front  of  her  which  pulled  her  along. 

Hitching.  The  next  most  common  means  of  infant  locomotion 
is  the  so-called  hitching.  The  returns  show  that  30%  of  the 
whole  number  of  children  observed  progress  in  this  manner. 
The  child  does  not  turn  over  on  its  belly  but  moves  in  a  sitting 
position.  The  movement  is  usually  preceded  by  reaching 
toward  an  object  desired  which  tends  to  carry  the  upper  part 
of  the  body  forward;  this  forward  movement  of  the  body  pro- 
duces its  natural  converse,  that  of  drawing  the  feet  toward  the 
bod3'  or  bracing  them  upon  the  floor;  this  may  draw  the  entire 
body  forward.  Some  of  the  variations  in  hitching  are  such  as 
sitting  perfectly  erect  and  pulling  the  body  forward  with  both 
heels;  pushing  the  bodj-  along  with  both  heels  and  sliding 
the  feet  forward;  sitting  on  the  left  hip  and  using  the  right  leg 
and  left  arm  to  move  the  body  forward ;  using  the  right  leg  and 
arm  to  move  the  bod}^  and  drag  the  other  leg  after;  using  both 
feet  and  both  hands,  the  feet  to  pull  and  the  hands  to  push  the 
body;  jerking  movements  of  the  back  which  carry  the  body 
forward,  or  simph-  twisting  along  in  a  sitting  position  without 
the  use  of  either  limbs. 

The  baby  sat  upright  on  the  floor  and  hitched  himself  along  with- 
out using  his  hands.  Another  baby  sat  on  the  floor  and  used  only 
one  side. 

F.,  9  mos.  Little  Nannie  would  sit  straight  up  on  the  floor  and 
without  putting  her  hands  to  the  floor,  work  along  as  fast  as  a  person 
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would  walk.  She  did  not  make  much  effort  and  her  parents  often 
wondered  how  she  could  do  it. 

F.,  9  mos.     Sadie  hitched  along  using  one  fright)  hand  and  foot. 

F.,  12  mos.  Child  was  very  backward  in  creeping  and  when  she 
did  begin  she  pushed  herself  along  by  her  hips,  first  on  one  side,  then 
on  the  other. 

F.,  14  mos.  Violet  never  crept.  When  14  months  old,  she  moved 
around  by  sitting  on  the  floor  and  using  one  leg  to  help  her  along  over 
the  floor.  She  put  her  leg  and  foot  forward  and  then  seemed  to  steady 
them  and  draw  her  body  along. 

F.,  8  mos.  Sat  up  straight  and  hitch  along.  She  never  crept,  but 
after  this  stage  learned  to  walk. 

F.,  (jYz  mos.  Would  sit  down  on  the  floor  and  push  herself  back- 
ward, moviug  a  little  from  one  side  to  the  other.  Could  move  faster 
in  this  manner  than  if  she  had  crept. 

M.,  10  mos.  This  child  would  hitch  along.  It  would  have  its  left 
foot  under  its  right.  Its  right  knee  was  erect  with  its  hands  resting 
upon  it. 

Rolling.  Rolling  i.';  an  occasional  form  of  child  locomotion. 
7%  of  the  whole  number  observed  rolled  over  and  over  until 
they  arrived  at  the  place  desired.  One  peculiarity  in  this  rather 
exceptional  manner  appears  in  the  apparent  deliberation  of  the 
child  just  before  setting  out  as  if  to  decide  just  what  and  how 
to  do  it,  but  after  several  attempts  he  becomes  very  proficient 
in  its  movements. 

Occasionally  we  find  a  child  which  can  creep  quite  well  but 
rather  slowly.  But  if  it  is  in  a  hurry  it  will  abandon  this  man- 
ner and  lie  down  and  roll  over  and  over,  thus  going  much  faster. 
In  studying  the  early  creeping  and  rolling  movements  of  her 
niece.  Miss  Shinn  thinks  that  the  child's  skirts  interfered  con- 
siderably with  the  attempts  to  creep  which  the  grandmother 
had  attempted  to  teach  the  child  but  were  abandoned  in  favor 
of  rolling.  She  then  concludes  that  ' '  without  the  hampering 
influence  of  long  skirts  and  the  practice  of  keeping  babies  off 
the  floor,  this  primitive  quadrupedal  movement  would  appear 
much  earlier,  and  play  a  larger  part  in  infant  activities,  than 
it  does.  If  it  preceded  securel)-  balanced  sitting,  the  less  nat- 
ural and  less  useful  hitching  would  never  appear  as  a  substitute. ' ' 
This  conclusion  is  not  warranted  by  the  studies  made  upon  the 
babies  of  primitive  people  who  are  not  hampered  by  skirts  or 
cold  floors,  yet  they  prefer  hitching  to  creeping. 

Exceptional  Movements.  Among  the  3  %  of  the  exceptional 
movements  are  seen  the  following: — Crawling  like  a  worm  upon 
the  belly  wiih  the  hands  and  feet  close  but  using  them  very 
little;  swimming  movements,  the  hands  moving  at  the  sides 
with  feet  kicking;  moving  backwards  on  the  buttocks  and 
elbows,  the  head  occasionally  striking  the  floor  wearing  a  bald 
spot  on  the  back  of  it;  crawling  upon  the  belly  using  hands 
and  abdominal  muscles  to  throw  the  body  forward  with  consid- 
erable force;  wriggling  from  side  to  side  or  forward  and  back- 
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ward  on  the  buttocks  without  the  use  of  the  limbs;  and  attempt- 
ing to  move  forward  by  swimming  movements  but  thereby 
moving  backward.  In  these  returns  the  movements  were  re- 
corded according  to  the  sexes,  but  they  distribute  themselves 
about  equally,  so  that  it  is  not  necessary  to  draw  a  further 
distinction. 
Rolling. 

M.     This  child  first  moved  from  place  to  place  by  rolling. 

F.,  9  mos.  At  the  age  of  nine  months  Emily  started  to  roll  over 
and  over  across  the  floor.  She  would  first  raise  her  hands  and  feet  to 
give  herself  a  start,  then  roll  anywhere  she  wished  to  go. 

M.,  8  mos.  Walton  made  most  progress  when  he  rolled  on  his  right 
side. 

Hopping. 

M.  Harold  went  along  like  a  frog.  Laying  palms  of  hands  on  the 
floor,  then  with  a  little  jerk  of  his  body  would  land  on  his  knees.  He 
would  then  begin  again  with  his  hands  and  repeat  the  same  process. 
He  progressed  quite  rapidly  considering  his  method. 

Swimming. 

M.,  9  mos.  Carlyle  creeps  in  a  sort  of  half  swimming  manner.  He 
lies  on  the  floor  in  this  position,  his  arms  and  legs  are  partly  bent. 
He  pulls  himself  along  by  using  the  arms  alternately. 

F.,  ^Yz  mos.  Lies  very  flat  on  the  floor  with  upper  part  of  the  body 
raised  slightly.  Both  arms  move  outward  at  the  same  time.  She  then 
puts  her  hands  flat  on  the  floor  and  her  legs  move  alternately.  Then 
she  brings  the  hands  forward,  the  legs  move,  the  hands  move  outward 
and  so  on.  She  does  not  get  along  very  well  and  seems  to  try  to  move 
forward  though  moves  backward  instead.  The  child  would  simply 
wriggle  and  twist  irregularly  until  he  came  to  the  object  wanted. 

M.,  lo  mos.  Holt  was  sitting  on  the  floor  and  near  him  was  a  chair, 
on  which  there  was  a  bright  apple.  He  looked  at  it  a  moment  then 
wriggled  over  to  the  chair  and  taking  hold  of  round  by  round  he  drew 
himself  up. 

Climbing.  Climbing  is  one  of  the  early  impulses  of  children. 
Indeed,  some  of  them  manifest  this  desire  as  soon  as  they  begin 
to  creep.  The  desire  to  climb  seems  to  arise  in  a  desire  to  ex- 
plore every  available  spot  and  practice  every  known  movement. 
As  arms  and  hands  precede  the  legs  in  functional  develop- 
ment, children  may  be  seen  pulling  their  bodies  up  alongside  a 
chair,  a  table-leg  or  other  object  even  before  their  legs  are  able 
to  bear  the  weight  of  the  body.  An  observer  says  of  a  little 
girl  ten  months  old — "  this  child  could  climb  upon  chairs,  upon 
the  table  and  upon  the  refrigerator  before  she  could  walk.  She 
had  several  falls,  btit  nothing  would  stop  this  desire  to  climb 
until  she  learned  to  walk,  then  it  seemed  to  pass  away."  There 
is  a  desire  in  the  child  to  get  up  higher.  This  impulse  leads 
it  not  only  to  draw  the  body  into  a  standing  position  but  also 
to  get  to  the  top  of  every  attainable  object.  In  the  case  cited, 
the  desire  to  climb  was  inhibited  by  the  ability  to  walk.  This 
is  not  common  in  children,  as  the  ability  to  walk  simply  opens 
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a  wider  range  for  their  activity  and  thus  favors  it  by  an  in- 
creased muscular  vigor.  Fear  of  high  places  or  of  falling  is 
not  at  all  common  in  the  first  acts  of  climbing.  It  is  only  after 
they  have  had  several  calamitous  experiences  that  fear  in  some 
case  may  restrain  this  activit)'. 

As  the  child  grows  in  strength,  the  skill  it  acquires  as  a 
climber  is  quite  remarkable  at  times,  from  chairs,  tables  and 
other  furniture  to  fences,  gates,  ladders  and  trees.  It  tries 
an  experiment  continually  to  get  into  some  new  position  and 
relation  with  an  object  with  which  it  is  engaged.  One  little 
fellow  tried,  after  climbing-  to  the  highest  part  of  a  chair,  to 
put  himself  through  every  open  space  in  it.  It  was  a  pure  love 
of  climbing  that  engaged  his  attention  for  a  half  an  hour, 

M.,  3  yrs.  Everett  is  very  fond  of  climbing  up  in  and  down  out  of 
wagons.  He  does  it  just  for  the  sake  of  climbing.  He  always  gets 
down  backwards  and  never  allows  any  one  to  help  him. 

F.,  II  yrs.  When  I  was  small  I  climbed  on  the  table  set  for  tea  and 
tipped  it  over.  I  was  punished  and  much  frightened,  but  it  did  not 
restrain  my  desire  for  climbing.  When  I  went  out  into  the  yard,  I 
climbed  upon  the  top  of  a  pig  pen  and  fell  in.  The  pig  ate  my  hat 
and  tore  my  dress,  but  I  was  rescued.  The  next  day  I  was  found  on 
top  of  the  same  pen.  I  was  afraid  of  the  pig  inside  but  I  wanted  to 
climb. 

M.,  2  yrs.  At  the  age  of  1%  years  he  was  climbing  all  the  time  on 
chairs,  high  chairs,  step  ladders,  etc.  It  was  easier  for  him  to  get  up 
than  to  get  down. 

F.,  4  yrs.  I  had  a  great  desire  to  climb  up  into  the  trees  in  the 
orchard.  Mamma  was  often  frightened  to  see  me  so  high  in  a  cherry 
tree.     The  higher  I  could  get  the  better  I  liked  it. 

M.,  14  mos.  When  John  learned  to  walk  he  wanted  to  climb.  One 
day  he  got  on  the  table  and  broke  his  arm.  After  it  had  only  been 
dressed  one  half  hour,  he  got  up  on  the  chair  near  the  window  and 
broke  the  glass. 

F.,  10  mos.  This  child,  before  she  could  walk,  would  climb  upon 
chairs  and  on  the  table.  She  climbed  upon  the  refrigerator  from  a 
chair.  She  had  several  falls  but  nothing  would  stop  her  until  she 
learned  to  walk,  then  her  love  for  climbing  seemed  to  pass  away. 

M.,  18  mos.  The  door  was  open  so  that  the  child  got  out.  When 
his  mother  found  him  he  was  climbing  upon  the  horse  trough. 

M.,  2  yrs.  Wilbur  would  run  away  and  climb  upon  every  object  he 
could  find.     Into  the  most  dangerous  places. 

M.,  14  mos.  This  child  climbed  into  a  chair,  then  upon  the  sevv'ing 
machine,  then  on  a  desk  a  little  higher. 

Children  first  learn  to  get  oflF  of  a  bed  or  a  chair  and  to  go 
up  and  down  stairs  after  the}'  have  learned  to  creep.  It  appears 
as  a  desire  to  follow  a  grown  person,  or  a  desire  to  explore 
together  with  the  desire  to  climb.  In  getting  off  a  bed  the 
greater  nimiber  of  children  creep  or  hitch  along  to  the  edge, 
then  turn  over  on  the  belly,  seize  the  bed  clothes  firmly  with 
their  hands  and  slide  the  body  off  the  edge,  holding  with  their 
hands,  until  the  feet  touch  the  floor,  or  drop  heavil}-.  Others, 
though  few  in  numbers,  slide  off  head  foremost,  by  putting  the 
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hands  upon  the  floor  and  drawing  the  body  after.  One  case 
was  noted  where  a  little  girl  rolled  to  the  edge  of  the  bed  and 
then  rolled  off  upon  the  floor,  falling  heavily;  she  repeated  the 
process  two  or  three  times,  but  found  it  too  painful,  and  after 
that  remained  upon  the  bed  until  some  one  took  her  down. 

F.  In  getting  off  a  bed  she  would  lie  on  her  stomach  and  keep 
backing  down  until  her  feet  reached  the  floor. 

F.  She  got  off  a  bed  by  hitching  over  to  the  edge  and  then  turning 
over  on  her  face,  she  would  grasp  the  clothes  with  both  hands,  slide 
both  legs  off,  and  then  when  nearly  down  let  herself  drop. 

F.,  2  years.  If  she  was  on  a  chair,  or  abed,  and  wanted  to  get  down,  she 
would  slide  off  on  her  stomach,  if  she  couldn't  reach  the  floor,  she 
would  let  loose  and  drop  down  the  rest  of  the  way,  regardless  of 
bumps. 

M.,  2  5'rs.  In  getting  off  a  bed  he  first  puts  his  hands  on  the  floor 
and  slides  the  rest  of  his  body  after.     He  can  walk  well. 

F.,  9  mos.  If  baby  wanted  to  get  out  of  the  bed,  she  would  roll  near 
the  edge  and  then  roll  out  upon  the  floor;  she  tried  this  several  times 
and  found  that  the  bump  was  too  great  to  endure. 

In  going  up  and  down  stairs,  of  the  dififerent  ways  em- 
ployed the  most  common  is  creeping,  in  which  the  child  goes 
up  on  its  hands  and  knees  or  hands  and  feet ;  in  coming  down 
it  will  creep  backwards,  putting  down  its  feet  first  on  the  next 
lower  step.  A  child,  in  both  ascending  and  descending  a  flight 
of  stairs,  will  often  turn  to  see  how  far  up  it  has  gone.  Another 
manner  of  climbing  stairs  is  that  of  creeping  up  and  then  turn 
and  sit  down  on  the  step  and  slide  down  to  the  next  one  below, 
using  the  hands  to  stead}^  the  body.  Some  children  go  up  stairs 
by  drawing  themselves  up  alongside  of  the  banister  with  their 
hands  and  step  up  with  their  feet.  This  is  a  more  mature 
method  at:d  is  only  employed  by  those  children  who  have 
already  learned  to  walk.  An  exception  to  the  general  manner 
is  found  in  a  little  boy  who  went  down  stairs  head  foremost. 
He  put  his  hands  on  the  step  and  then  let  the  body  slide  down 
after  him. 

F.  In  going  up  stairs  she  would  place  both  hands  on  a  step,  then 
bring  up  both  feet  to  the  next  lower  step,  and  so  proceed.  In  going 
down  she  would  sit  on  a  step  and  slide  down  to  the  next  lower. 

M.,  14  mos.  Soon  after  Harold  learned  to  walk  he  began  to  go  up 
and  down  stairs  by  holding  on  to  the  banister. 

The  child  goes  up  stairs  on  its  hands  and  feet  and  backs  down  in  the 
same  manner. 

F.,  2  yrs.  In  coming  down  stairs,  Dorothy  would  sit  down  on  a  step, 
straighten  out  her  body  and  slide  down  to  the  next  one.  In  going  up 
she  would  put  one  foot  on  the  step  above  and  taking  hold  of  the  rail- 
ing would  lift  herself  up  until  both  feet  were  on  the  step. 

15  mos.  It  placed  the  left  foot  on  the  lower  step  and  brought  down 
the  right  knee  on  the  level  with  it;  the  child  could  hardly  creep,  but 
in  this  manner  it  learned  to  walk. 

13  mos.  This  child  often  sits  on  a  step  and  then  slides  down  to  the 
next  lower,  using  the  hands  to  keep  from  tipping  forward. 

M.,  21  mos.  Everett  took  hold  of  the  banister  and  put  one  foot  upon 
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the  step,  then  drew  the  body  aud  the  other  foot  up.  He  rested  awhile 
and  repeated  the  act  on  the  next  step. 

M.,  2  }rs.  Thomas  always  goes  down  stairs  head  first;  he  first  puts 
his  hands  on  the  step  and  slides  the  body  down  behind  him. 

F.,  i8  mos.  In  going  down  stairs  she  laid  flat  on  her  stomach  with 
her  right  leg  and  foot  bent  up  acting  like  a  rudder,  the  left  leg  ex- 
tended straight  from  the  body,  and  the  hands  rested  on  the  step  above 
as  she  descended.  In  this  way  she  slid  down  the  stairs  as  fast  as  one 
could  run  down.     She  crawled  up  on  her  hands  and  knees. 

Rising  into  the  Standing  Position. 

The  child  has  learned  to  sit  up  by  grasping  a  person's  ex- 
tended fingers  and  is  thus  pulled  up.  It  will  seize  every  avail- 
able object  within  its  reach.  After  it  has  learned  to  creep  or 
hitch,  and  in  some  instances  while  .still  sitting  in  the  lap,  it  will 
seize  the  extended  fingers  or  other  objects  and  brace  its  feet  so 
that  it  may  be  raised  into  a  standing  position.  ^Mrs.  W.  S. 
Hall  observed  a  child  in  the  thirty-eighth  week;  he  stretched 
his  body  and  right  hand  toward  his  baby-carriage,  within  reach, 
and  seized  the  handle  firmly  which  he  drew  near  enough  to 
grasp  with  both  hands.  He  then  braced  his  feet  against  his 
mother's  lap  and  pulled  himself  up,  swaying  back  and  forth, 
alternately  pushing  and  pulling  the  carriage.  He  also  pulled 
himself  up  by  the  extended  fingers  of  the  mother  and  remained 
standing  a  minute,  when  he  was  laid  back  upon  the  floor  to 
rise  again,  this  time  standing  two  minutes.  Several  weeks 
later,  at  twelve  months,  he  was  able  to  rise  by  the  aid  of  a 
chair,  and  remain  standing  for  five  minutes,  holding  to  the 
chair  with  one  hand  while  playing  with  the  other.  Some 
children  delay  standing  if  they  are  not  given  the  initial 
suggestion,  as  was  seen  in  Mrs.  Hall's  child,  but  are  content 
to  creep,  until  suddenly  they  will  be  seen  rising  up  in  the 
center  of  a  room  without  support;  first,  from  the  creeping 
position  to  the  hands  and  feet,  they  raise  one  hand  carefully 
and  place  it  upon  the  knee  as  a  brace,  and  finally,  with  con- 
siderable unsteadiness,  raise  the  body  erect. 

M.,  12  mos.  One  day  Melbourne  was  creeping  on  the  floor  when  he 
saw  something  on  a  chair.  He  did  not  creep  over  to  the  chair,  but 
stood  upon  his  hands  and  feet,  then  raised  one  hand  from  the  floor 
and  soon  raised  himself  up.  He  stood  a  moment  as  if  to  balance  him- 
self, then  took  two  or  three  steps.  He  then  took  hold  of  the  chair,  got 
the  object  he  wanted  and  sat  down.  After  this  he  most  always  got  up 
from  the  floor  in  this  manner.  This  attempt  was  unconscious,  for 
after  he  obtained  the  object  he  sat  down  and  did  not  seem  to  realize 
that  he  had  done  anything  unusual.     It  made  his  breath  come  faster. 

F.,  lo  mos.  Daisy,  when  learning  to  walk,  simply  rose  from  the 
floor,  stood  up  and  walked  away.  This  was  the  first  time  she  had 
walked  at  all. 

F.,  9  mos.     Francisca  never  crept.     One  day  she  was  sitting  on  the 
1  Child  Study  Monthly,  Dec,  1896,  p.  398. 
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floor  and  suddenly  got  up  and  started  to  walk.     After  walking  awhile 
she  fell;  she  laughed,  got  up  again  and  started  off. 

M.,  I  yr.  Frederick  was  sitting  on  the  floor.  His  mother  came 
near  him  when  he  seized  her  dress  tightly  and  pulled  himself  upon 
his  feet.  He  stood  for  a  moment  and  would  have  fallen  had  his 
mother  not  held  him.   ' 

Standing.  The  child  first  stands  resting  its  partial  weight  upon 
its  legs  when  supported  in  its  mother's  or  nurse's  lap.  The  body 
is  inclined  forward,  the  knees  and  hips  are  bent.  As  the  muscles 
of  the  back  and  legs  develop  the  limbs  are  brought  into  line 
with  the  trunk,  the  spine  assumes  its  double  curvature,  the  child 
stands  supported  only  by  steadying  itself  near  a  chair  or  near 
the  wall.  The  age  at  which  children  first  are  able  to  bear  their 
entire  weight  unsupported  upon  their  limbs  varies  from  seven 
to  sixteen  months,  the  large  number  falling  between  ten  and 
twelve  pionths.  Frequently,  children  who  are  not  encouraged 
to  rest  their  weight  upon  their  feet  do  not  show  an  early  desire 
to  do  so.  Mrs.  W.  S.  Hall  observed  that  the  child  braced 
himself  in  a  standing  position  on  the  i35tli  day  (4^  months). 
After  that  he  was  permitted  to  bear  a  part  of  his  weight  in 
standing  when  he  desired.  In  this  position  children  soon  learn 
to  alternate  the  use  of  their  hands  in  supporting  the  body  near  a 
chair  and  may  remain  upon  their  feet  for  a  half  an  hour  at  a 
time  moving  the  hands  and  feet  continually.  When  children 
arrive  at  this  stage  of  development,  there  is  a  constant  desire 
to  remain  upon  the  floor.  One  observer  remarks  that  there  was 
a  great  unwillingness  to  be  taken  up  from  the  floor  for  meals, 
the  child  tried  to  take  its  fjod  while  standing. 

The  child  learns  to  stand  in  the  mother's  lap  and  with  her  assist- 
ance, later,  it  learns  to  stand  b}-  means  of  a  chair  or  wall.  The  first 
efforts  were  unconscious. 

M.,  8  mos.  The  first  time  Albert  stood  alone  he  was  put  near  his 
carriage  and  had  nothing  to  support  him  but  the  handles  of  the  car- 
riage.    He  was  unconscious  of  it. 

F.  Edna  would  get  a  hold  of  the  leg  of  a  chair  and  pull  herself  up, 
sometimes  making  several  attempts  before  succeeding.  At  times  these 
efforts  appeared  entirely  unconscious,  at  other  times  conscious.  Her 
first  steps  were  taken  around  a  chair,  then  she  went  from  one  chair  to 
another. 

F.,  16  mos.  Nellie  came  and  took  hold  of  my  dress  and  pulled  her- 
self up  and  stood  for  some  time.  I  took  her  up,  but  she  objected  to  this 
and  let  herself  down  and  crept  awaj'.  This  was  the  first  time  it  had 
been  noticed  that  she  stood.  It  seemed  to  be  unconscious.  Two  weeks 
later  she  stood  alone  in  the  middle  of  the  floor  laughing  and  waving 
her  hand.  She  received  a  severe  bump  which  made  her  afraid  to  rise 
up  unsupported  until  she  had  learned  to  walk. 

M.  Leon  was  creeping  on  the  floor,  and  catching  hold  of  the  rounds 
of  a  chair  he  pulled  himself  up.  He  stood  up  because  he  wanted  to, 
as  there  was  no  inducement  offered.  He  was  very  proud  of  it.  A  fall 
which  he  received  made  him  timid. 

M.,  I  yr.  Marvin's  first  steps  were  beside  a  sofa.  They  were  un- 
conscious, for  as  soon  as  he  realized  what  he  was  doing  he  fell. 
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F.,  lo  mos.  The  first  effort  Barbara  made  to  stand  was  near  her 
mother's  knee.  It  seemed  unconscious.  Her  breath  seemed  to  be 
shorter. 

F.,  8'<  mos.  Alice's  first  attempt  to  stand  was  when  she  drew  her- 
self up  by  holding  on  to  the  table  legs. 

Movements  Anticipating  Walking. 

For  the  first  three  months  of  the  child's  life  the  movements 
of  the  limbs  are  the  so-called  instinctive,  reflex  or  organic. 
The  limbs  are  bent  most  at  the  shoulder  and  hip  joints.  The 
large  supra-spinatus  and  the  infra-spinatus  muscles  of  the 
shoulders  are  functioned  at  birth,  making  possible  this  move- 
ment of  the  arms,  which  is  not  in  the  same  plane  with  a  line 
parallel  with  the  axis  of  the  body,  but  varying  about  20** 
toward  the  body  from  this  plane,  causing  the  hands  to  move 
mouthward  rather  than  forward.  The  intentional  flexion,  as 
Mrs.  W.  S.  Hall  has  observed,  develops  earlier  than  the  cor- 
responding extension.  The  child  could  put  his  thumb  into  his 
mouth,  at  will,  but  could  not  remove  it.  In  the  leg,  the  greatest 
amount  of  the  early  movement  is  caused  by  the  flexion  and 
extension  of  the  psoas,  iliacus  and  pectineus,  which  lie  in 
frontof  the  joint  and  the  gluteus  maximus  and  medius  muscles 
which  draw  the  leg  into  line  with  the  trunk.  At  three  months, 
the  child  of  normal  development  is,  without  doubt,  conscious 
of  these  limb  movements  which  are  gradually  becoming  more 
rhythmic  and  co-ordinated.  They  give  him  considerable  pleas- 
ure, which  exists  in  the  consciousness  of  an  ability  to  do,  as 
observers  think,  rather  than  in  the  exercise  itself.  The  arms 
and  legs  at  times  are  moving  quite  in  unison.  Soon  after  this 
period,  there  appears  the  response  to  a  stimulus  applied  to  the 
soles  of  the  feet,  the  tendency  to  push.  When  supported  erect, 
the  desire  to  jump,  until  the  standing  po.sition  is  acquired,  after 
which  comes  the  alternating  movement  of  the  legs  as  above 
mentioned. 

Walking.  From  the  standing  position  it  is  a  short  step  to 
w^alking.  The  first  step  is  usually  taken  alongside  of  a  chair 
or  the  wall.  The  legs  have  already  learned  the  alternating 
movements  by  creeping  and  jumping  in  the  lap  or  kicking. 
Very  frequently  the  first  steps  are  taken  by  lifting  the  feet  and 
placing  them  again  in  the  same  tracks.  Gradually  the  body 
moves  and  the  legs  are  brought  forward  or  backward  to  main- 
tain the  equilibrium.  The  chair  may  accideutly  move  and  the 
child  follow  it  by  taking  a  step.  Then  follow  the  movements 
from  one  object  to  another  placed  a  short  distance  apart,  or 
walking  beside  a  person  holding  firmly  to  the  hand  or  dress. 
One  little  girl  at  nine  months  of  age  at  first  clutched  a  person's 
dress  in  walking,  then  she  seized  the  scallops  of  her  embroidery 
on  the  bottom  of  her  own  dress  and  walked  off  bravely,  feeling 
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perfectly  safe.  Frequently  a  child  will  not  use  a  chair,  wall  or 
other  object  at  all,  it  will  rise  up  in  the  centre  of  a  room  and 
steady  itself,  then  take  several  steps  unsupported. 

Some  children  walk  by  pushing  a  chair  about  a  room,  thus 
continually  steadying  the  body;  others  are  assisted  by  their 
parents,  who  support  the  weight  of  the  body,  allowing  the  feet 
to  touch  the  floor  and  the  legs  to  move.  When  left  to  them- 
selves after  this  exercise,  they  will  attempt  the  movement  alone, 
and  at  times  will  succeed  quite  as  well.  At  first  children  are 
afraid  to  let  go  their  hold  of  a  support,  unless  some  especially 
attractive  object  or  considerable  encouragement  from  the  attend- 
ants makes  them  forget  the  bodily  state  and  they  totter  along 
unconsciously.  After  confidence  is  acquired,  they  reluctant!}' 
return  to  creeping,  and  prefer  walking  even  to  riding. 

Children,  as  a  rule,  walk  "pigeon  toed,"  and  it  is  only  by  a 
process  of  growth  that  the  feet  assume  a  proper  angle  and  the 
legs  become  straight  from  the  "  bowed"  condition  at  birth. 

M.,  II  mos.  Albert  was  playing  with  the  front  part  of  the  carriage 
when  suddenly  he  began  to  walk,  being  unconscious  of  what  he  was 
doing. 

F.  She  could  stand  alone  near  a  chair  or  wall.  The  first  steps  were 
taken  while  leaning  against  the  wall.  Her  mamma  stood  a  few  steps  off 
with  her  outstretched  arms  coaxing  the  child  to  come  to  her.  She  ran 
into  her  mother's  arms  and  repeatedly  did  so  until  she  could  walk  alone. 

F.  Her  first  steps  alone  were  in  going  from  a  chair  to  a  person's 
arms  a  yard  distant.  She  tried  it  very  timidly  at  first  and  fell  several 
times  in  the  attempt.  At  last  she  succeeded  and  was  so  perfectly  de- 
lighted to  think  that  she  could  walk  without  help. 

M.,  II  mos.  HarolH  walked  toward  a  little  dog  which  he  had  not 
seen  before.  I  do  not  believe  he  was  conscious  of  what  he  was  doing 
for  he  was  so  intent  on  the  dog.  After  this  he  walked  so  much  that 
he  could  not  rest  at  night. 

M.  Leon's  first  steps  were  taken  between  two  chairs.  After  he  had 
learned  to  walk,  he  would  tire  himself  out  so  as  to  be  sick. 

M.,  lo  mos.  Jack  was  creeping  one  day,  when  he  came  to  his  chair 
he  stopped  suddenly  and  looked  up.  By  the  aid  of  his  arms  he  pulled 
himself  up  slowly  and  carefully  on  his  feet  (all  during  the  process 
his  tongue  was  out),  at  last  one  hand  reached  the  seat  of  the  chair  and 
Jack  was  on  his  feet.  He  began  to  spring  and  laugh  then  turned  to  his 
mother,  who  was  opposite,  and  made  three  steps  to  her  knee,  balanc- 
ing himself  by  holding  out  both  arms.  He  was  so  well  pleased  that 
for  several  days  he  would  always  go  to  the  same  chair  and  begin  his 
walk. 

F.,  9  mos.  Alice's  first  steps  were  taken  when  she  was  9  months  old. 
She  walked  by  pushing  a  chair  around  the  room.  At  times  she  would 
leave  the  chair  and  take  a  few  steps  toward  her  mother  who  stood  near. 

M.,  lo  mos.  Frank  could  stand  by  holding  fast  to  chairs,  table  legs, 
etc.,  but  he  had  not  walked.  One  day  while  he  stood  near  a  chair,  his 
mother  invited  him  to  come  to  her.  He  started  and  walked  all  the  way 
across  the  room  to  her.  He  was  very  proud  of  this  feat,  although  he 
did  not  walk  alone  again  for  two  weeks,  during  which  time  he  clung 
to  the  chairs  and  the  walls. 

F.,  II  mos.  The  first  unsupported  steps  were  taken  between  two  per- 
sons sitting  about  four  feet  apart,  they  were  quite  conscious,  being  the 
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result  of  considerable  coaxing.  The  steps  were  carefully  taken,  the 
body  settling  firmly  at  each  step,  the  arms  were  extended.  There  was 
a  decided  leaning  forward  of  the  body  with  the  right  side  a  little  for- 
ward of  the  left.     She  has  only  walked  when  asked  to  do  so. 

Consciousness  of  Standing  and  Walking. 

Several  questions  will  arise  at  this  point  which  it  will  be  well 
to  consider.  First — are  these  first  efforts  to  change  the  verti- 
cality  of  the  body  in  standing  and  walking,  conscious  efforts 
on  the  part  of  children?  Second  —  what  are  the  effects  of 
standing  and  walking  upon  the  physical  organism?  Third — 
how  do  they  effect  the  psychic  life? 

Let  us  consider  the  questions  in  the  order  in  which  they  arise. 
First — are  the  first  efforts  to  stand  and  walk  conscious?  The 
writer  realizes  the  difficulties  into  which  this  question  at  once 
plunges  one,  since  it  involves  the  whole  question  of  the  relation 
of  consciousness  to  life. 

The  returns  in  answer  to  this  question  are  not  at  all  unani- 
mous, since  they  confirm  both  the  consciousness  as  well  as  the 
unconsciousness  of  the  movement.  A  careful  study  of  them, 
however,  does  not  reveal  such  a  diversity,  as  it  shows  that  the 
observations  were  made  at  different  stages  of  the  child's  devel- 
opment and  upon  different  children.  Let  us  consider  several 
concrete  cases.  A  boy  nineteen  months  old,  who  had  never 
stood  alone,  while  sitting  upon  the  floor  saw  a  fly  on  the  wall. 
He  took  hold  of  the  table  leg  near  him  and  rose  on  his  knees, 
he  then  stood  that  way  for  a  time,  then  by  degrees  he  rose  to 
his  feet.  When  he  was  up  he  looked  for  the  fly  which  had 
gone.  He  sat  down  with  a  thump  and  did  not  try  to  stand 
again  for  five  months.  A  httle  girl,  one  year  old,  saw  some  candy 
in  a  chair,  she  crept  to  the  chair,  then  climbed  up  and  stood 
unsupported.  As  soon  as  she  seemed  to  think  of  what  she  was 
doing  she  sat  down.  Her  breath  then  came  fast.  Another 
child  saw  his  mother  handling  his  red  dressed  doll;  he  crept  to 
her,  pulled  himself  up  and  stood.  The  observer  believes  that 
he  was  entirely  unconscious  of  all  else  but  the  red  dress  of  his 
doll. 

Another  example  is  given  by  Professor  Kirkpatrick  of  Supt. 
Hall's  little  girl.  She  was,  in  all  respects,  a  normal  child,  but 
unable  to  walk  at  seventeen  month  of  age.  One  day  the  father 
came  home  to  dinner  and  placed  his  cuffs  upon  a  table  and  laid 
dovv^n  to  rest.  The  child,  seeing  the  cuffs,  crept  to  the  table, 
pulled  her.self  up  by  the  leg  of  the  table,  took  the  cuffs,  one  at 
a  time,  and  slipped  them  over  her  wrists,  standing  unsupported 
while  doing  it.  She  then  stood  looking  very  much  interested 
in  the  cuffs.  Then,  to  the  great  surprise  of  the  father,  she 
walked  with  great  confidence  with  a  pleased  expression  on  her 
face.     She  also  ran,  continuing  this  for  ten  minutes,  then  sat 
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down  and  rested,  after  which  she  arose  alone  and  walked  again. 
Without  the  cuffs,  however,  she  could  not  be  induced  to  take 
a  single  step.  She  was  given  an  old  pair  of  cuffs  and  she  seemed 
greatly  delighted;  she  walked  and  ran  as  before.  She  used  the 
cuffs  for  two  daj^s,  after  which  she  walked  without  them  and 
did  not  revert  to  crawling. 

There  are  many  other  observations  which  might  be  cited  to 
show  that  the  evidence  is  against  the  popular  thought  that  the 
child  must  learn  to  make  these  movements.  That  he  must, 
from  the  infinite  number  of  possible  movements,  select,  from 
the  four  hundred  muscles  which  move,  the  right  muscles  and  the 
correct  combinations  of  these  to  enable  him  to  move.  This  task 
would  be  too  enormous  for  the  space  of  a  year  or  fifteen  months. 

Another  view  is  that  walking  is  entirely  instinctive  and  that 
it  is  inherited  as  in  the  young  animal ;  but,  as  Prof.  Bain  says, 
the  mechanism  at  birth  is  not  completed.  There  are  children 
who  walk  the  ver}'  first  time  they  make  the  attempt,  so  that  this 
view  has  much  in  favor  of  it.  But  the  walking  in  a  large  num- 
ber of  children  will  not  support  this  theory  by  the  evidence  it 
gives. 

We  are  then  given  a  third  view,  that  often  held  by  psycholo- 
gists and  ph3^siologists.  This  theory  sets  forth  the  play  between 
the  unconscious  and  the  conscious  elements. 

Common  observation  shows  that  the  reflex  movements  of 
earl)'  life  are  a  natural  concomitant  of  the  organism  and  be- 
come established  in  consciousness,  and  consciousness  in  turn 
assumes  a  directive  control  over  these  organic  movements  and 
builds  up  complex  groups,  which  in  turn  make  possible  more 
complicated  movements.  Ver}' early  in  the  infant's  life  it  can 
be  seen  attempting  to  imitate  a  movement  which  it  has  seen, 
or  when  it  is  intensely  interested  in  the  movement  of  a  person 
its  body  will  respond  very  markedly.  This  does  not  seem  to  be 
a  matter  of  chance,  but  there  is  undoubtedly  physiologically  a 
close  connection  between  the  visual  and  the  motor  centers.  This 
physiological  part  determines  the  direction  of  the  impulse. 

A  child  sees  an  object,  he  grasps  it.  The  visual  sensations 
call  into  play  the  movements  of  the  proper  muscles.  The  con- 
scious element  is  the  visual  image,  the  motor  element  is  un- 
conscious. 

I  am  practicing  to  throw  a  ball  at  a  target.  The  attention 
is  f(icused  upon  a  spot  in  the  center  of  the  target,  that  alone  is 
in  consciousness,  the  movements  of  the  arms,  the  position  of 
the  body  and  legs  all  adjust  themselves  unconsciously  to  meet 
the  impulse  from  the  sensory  center.  The  same  is  seen  in  the 
case  of  a  child's  walking.  He  has  a  visual  impression,  a  fly, 
a  red  dress  or  what  not,  this  is  sufficient  to  call  into  action  the 
motor  apparatus  at  the  time  when  it  is  developed  suflSciently. 
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The  close  relationship  existing  between  the  sensory  and  the 
motor  centers  makes  possible  even  new  co-ordinations  with  the 
attention  directed  toward  the  former  and  surrendering  wholly 
to  the  unconscious  the  motor  element. 

Let  us  suppose  the  child  sitting  upon  the  floor;  he  is  able 
to  creep  but  does  not  take  any  steps.  He  sees  a  fly  upon 
the  wall.  A  visual  impulse  comes  to  him,  it  is  strong  enough 
to  absorb  his  attention,  and  movement  results.  The  functional 
development  has  advanced  sufiicieutly  that  the  co-ordination 
may  be  made.  The  child  ri.ses  up  and  stands.  Or  another 
child's  attention  is  entirely  concentrated  upon  the  getting 
of  the  cuffs,  putting  them  on,  etc.  The  attention  is  not,  in 
either  of  these  cases,  upon  the  movements,  for  when  the  visual 
image  is  removed,  the  motor  image  arises,  the  newness  of  the 
situation  at  once  destroys  the  co-ordination,  and  the  child  sits 
down.  The  direction  of  the  attention  toward  the  movement 
disturbs  co-ordinations  of  movements  rather  than  favors  them 
in  children  as  well  as  in  adults.  But  there  is  another  element 
which  enters  in.  Many  children,  before  they  are  strong  enough 
to  walk  are  held  upon  the  floor  or  table  with  their  feet  touching 
which  no  doubt  suggests  walking,  they  are  urged  and  guided 
and  led.  Here  the  conscious  states  no  doubt  precede  the  func- 
tional, since  we  can  see  such  children  trying  to  repeat  the 
position  and  movements  which  have  been  suggested  to  them  in 
this  manner  bj'  their  parents  or  nurses.  This  is,  however,  re- 
versing the  biological  order  of  development. 

F.,  13  mos.  Gladys  pulled  herself  up  by  her  mother's  di-ess,  after 
she  became  conscious  of  her  power  she  felt  very  proud  of  it.  Her 
breath  was  short  from  the  effort  of  it. 

M.  Tomniie's  mother  had  a  doll  dressed  in  a  bright  red  dress  in 
her  hand.  Tommie  was  sitting-  on  the  floor  near  his  mother  when  he 
became  so  interested  in  this  doll  that  he  pulled  himself  up  by  her 
dress  and  tried  to  reach  it.  I  think  he  was  entirely  unconscious  of 
what  he  was  doing,  except  that  he  saw  the  doll.  After  he  had  got  on 
his  feet  he  stood  for  a  few  seconds. 

F.,  24  mos.  Alice  first  tried  to  stand  by  pulling  herself  up  by  chairs, 
etc.  I  think  the  first  efforts  were  unconscious  for  she  usually  made 
them  while  trying  to  reach  something.  After  she  had  made  her  first 
successful  attempt  she  looked  around  to  see  if  anybody  had  noticed 
her. 

F.,  I  yr.  Margaret  was  sitting  on  the  floor  beside  a  chair,  she  tried 
to  stand  by  taking  hold  of  the  chair,  but  failed.  She  made  several 
attempts  before  she  succeeded.  Finally  after  she  had  stood  for  a  few 
moments  she  looked  aroitod  to  see  if  any  one  was  seeing  her  and  smiled. 
I  think  she  was  conscious  of  the  act. 

M.,  II  mos.  John  was  placed  in  a  wash-tub  with  cushions  in  the 
bottom.  He  reached  up  and  placed  his  hands  on  the  side  of  the  tub 
and  then  tried  to  stand  on  his  feet.  At  first  he  was  on  his  knees  then 
stood  on  one  foot.  He  would  fall,  but  not  be  discouraged.  He  worked 
fully  five  minutes  trying  to  get  on  his  feet,  his  face  was  moving  and 
his  breath  came  quickly.  After  he  succeeded  in  standing  up  he  began 
to  laugh. 
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Physical  Effects  of  Standing  and  Walking. 
Second — What  are  the  effects  of  standing  and  walking  upon 
the  bod}-?  In  the  first  place,  after  children  have  learned  to 
walk  and  have  gained  confidence,  they  become  passionately 
fond  of  it  and,  Gross  has  observed  the  same  fact  with  reference 
to  their  play,  there  is  a  tendency  to  walk  until  exhausted,  which 
produces  a  general  physical  change.  This  fact  seems  sufficient 
to  break  down  the  surplus  energy  and  pleasure  and  pain  theo- 
ries of  walking  as  well  as  playing.  The  metabolic  processes 
are  increased,  the  circulation  of  the  blood  becomes  more  rapid, 
the  respiration  increases,  the  appetite  often  increases  to  a  marked 
degree.  Children  who  have  been  pale  and  sickly  before,  often 
become  ruddy  and  strong,  possessed  with  new  life  and  over-flow- 
ing with  energy.  x\t  the  time  the  first  step  is  taken,  the  face 
becomes  flushed,  the  breath  short  and  panting  and  the  whole 
body  often  trembles  with  excitement  and  eagerness.  The  fatigue 
which  sets  in,  is  at  times  so  great  that  sleep  is  impossible,  and 
when  induced  the  body  twitches  and  tos.ses  from  side  to  side. 

Effects  on  Different ' Parts  of  the  Organisin.  The  change  pro- 
duced on  the  muscular  system  by  walking  is  most  marked. 
The  great  muscles  of  the'  calf  of  the  leg,  the  tricept  extensor 
sura,  are  much  increased  in  size,  the  psoas  iliacus  and  pecti- 
neus  of  the  upper  part  of  the  leg  become  hard  and  resisting. 
At  first,  there  may  be  a  marked  decrease  in  the  size  and  fullness 
of  the  leg  which  is  due  to  the  rapid  loss  of  fat  before  the  mus- 
cles have  had  time  to  develop.  The  great  glutaei  muscles  of 
the  buttock  and  the  erector  muscles  of  the  spine  grow  in  size 
and  complexity,  the  latter  fill  up  the  vertebral  grooves  and  send 
up  tendons  along  the  back  like  stays  supporting  the  masts  of  a 
ship.  These  are  the  characteristic  muscles  of  man  and  they 
are  comparatively  undeveloped  previous  to  this  time. 

But  muscles  are  easily  fatigued  and  in  order  to  compensate 
this,  the  joints  and  ligaments  are  fully  developed.  The  body 
is  so  held  that  the  center  of  gravity  falls  directly  upon  the 
ankle-joint,  this  produces  the  greatest  stability  and  reduces  the 
muscular  force  to  a  minimum.  At  the  knee  the  center  of  grav- 
ity falls  a  little  in  front  of  the  axis  of  the  limb,  the  back  and 
sides  of  the  joints  are  provided  with  check  ligaments  to  hold 
the  joint  locked  in  a  position  of  hyper-extension,  so  that  no 
muscular  force  is  required  to  maintain  it.  In  the  first  efforts 
of  the  child  to  stand,  the  knee  is  bent  forward  hanging  the  en- 
tire weight  of  the  body  in  the  contraction  of  the  muscles,  but 
as  he  extends  the  legs  the  joints  become  locked  and  static. 

M.,  5  yrs.  Theodore  never  liked  to  be  dirty  nor  romp  out  of  doors, 
he  eats  very  little,  is  pale,  good  tempered  and  always  quiet. 

F.,  2  yrs.  Edith  is  always  running  about  and  would  much  rather 
climb  and  run  than  play  with  her  dolls.     Her  circulation  is  good,  her 
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cheeks  have  color,  she  is  always  full  of  life.  I  think  it  is  the  romping 
out-door  life  that  makes  her  physical  condition  so  different  from  her 
brother's. 

F.  When  she  had  walked  until  tired,  she  would  continually  fall 
down. 

F.,  12  mos.  Marie  seemed  to  grow  more  after  she  commenced  to 
walk. 

M.  When  Walton  first  stood  he  got  very  nervous.  In  a  short  time 
he  would  fall  down.  There  was  a  tendency  to  use  his  hands  more. 
He  became  stronger,  healthier  and  more  active  as  he  walked  more. 
He  required  more  food.     He  often  ran  awaj'. 

M.  After  he  found  that  he  could  walk  he  was  doing  it  all  the  time, 
when  asleep  he  would  moan  and  twitch  from  sheer  exhaustion. 

F.,  2  yrs.  Alma  was  very  sick  until  she  was  two  years  old.  Then 
she  began  to  walk  and  she  gained  in  health.  She  was  entirely  well  at 
four  years  of  age. 

At  this  time  there  is  a  marked  increase  in  the  size  and  fullness  of 
the  legs. 

F.,  2  yrs.  The  child  had  walked  for  some  time,  one  morning  she 
could  not  use  her  legs  at  all.  She  had  n't  been  sick  nor  had  she  fallen. 
The  doctor  could  not  account  for  it.  By  constant  rubbing  for  two  days 
she  was  able  to  walk  again. 

M.  As  soon  as  the  child  began  to  walk,  his  appetite  was  better  but 
he  became  thinner. 

The  child  got  so  fatigued  that  it  could  not  rest  at  night.  Children  as 
a  rule  walk  too  much. 

M.,  i8  mos.  There  was  a  marked  increase  in  the  child's  appetite. 
The  general  disposition  is  better,  it  cried  less  after  it  had  learned  to 
walk. 

F.,  i6  mos.  Her  breath  was  short  and  quick.  There  was  a  marked 
increase  in  the  size  of  her  legs. 

F.,  2  jTS.  She  slept  better  and  had  a  better  appetite  and  was  im- 
mensely more  mischievous. 

Rhythmic  Movements  of  the  Arms. 

Arms.  An  increased  activity  i^  seen  in  the  movements  of 
the  arms  and  hands.  There  is  a  rh3'thmic  movement  in  the 
arms  which  alternates  with  the  movements  of  the  legs.  The 
child  aLso  has  a  passion  for  carrying  objects.  One  child  could 
walk  more  securely  when  it  carried  in  its  hand  the  folds  of  its 
dress.  Several  observers  noticed  that  the  child  acquired  greater 
skill  in  the  use  of  its  hands  in  examining  various  objects,  while 
walking.  This  is  due  to  the  general  development  of  the  mus- 
cular system  and  it  also  absorbs  the  attention  of  the  child,  giv- 
ing the  lower  center  fair  play. 

M.,  ID  mos.  At  this  time  the  arms  arc  used  also  as  much  as  the 
legs. 

M.,  14  mos.  After  walking  he  made  greater  use  of  his  hands.  Be- 
cause more  active  in  examining  objects  round  about  him. 

Children  like  to  use  their  hands  carrying  things  while  walking. 

F.,  20  mos.  The  child  learns  to  use  its  hands  more  successfully 
when  it  learns  to  walk. 

Mental  Effects. 

F.,  16  mos.  When  she  succeeded  in  standing  she  laughed  and 
crowed. 
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F.,  2  yrs.  After  Magdeline  learned  to  walk  she  seemed  to  be  a  great 
deal  happier. 

F.,  ID  mos.  Helen  was  happy  whenever  she  made  a  step,  she  would 
look  around  and  laugh,  then  would  jump  up  and  down  by  bending  her 
knees,  without  raising  her  feet  from  the  floor. 

M.,  II  mos.  Since  Fred  learned  to  walk  there  has  been  a  marked 
change  in  his  temper.  He  was  very  cross  and  cried  easily,  now  he 
rarely  cries. 

M.,  I  yr.  The  child  seemed  happier  and  sweeter  tempered  after  he 
learned  to  walk. 

Third — How  does  standing  and  walking  affect  the  child 
mentally  ?  With  the  ability  to  creep  there  comes  a  desire  in 
the  child  to  push  out  and  enlarge  its  sphere  of  activity.  This 
desire  is  increased  with  the  ability  to  walk.  There  is  a  keen 
desire  to  explore  every  unknown  region  and  to  examine  every 
unfamiliar  object.  The  emotional  life  receives  a  new  stimulus. 
The  child  becomes  elated  over  its  own  accomplishments.  How 
the  little  one  laughs  for  joy  when  it  can  rise  up  near  a  chair 
and  is  conscious  that  some  one  is  seeing  it.  One  observer  writes 
that  the  ' '  little  girl  slapped  the  seat  of  the  chair  near  which 
she  was  standing  with  her  hands,  then  turned  to  her  mother 
with  an  expression  of  great  pleasure  upon  her  face." 

The  child  grows  happier  in  spirit,  it  can  busy  itself  in  its 
walks  by  examining  new  objects,  thus  receiving  new  external 
stimuli.  One  mother  says — "  After  Fred  learned  to  walk  there 
has  been  a  marked  change  in  his  temper.  He  was  very  cross 
and  irritable,  he  cried  very  easily,  now  he  rarely  cries." 

Should  Parents  Assist  Children  in  I^earning  to 

Walk? 

The  question  was  asked  whether  parents  should  assist  children 
in  learning  to  walk.  There  were  seventy-five  answers  given,  all 
of  which  indicate  very  clearly  the  one  fact.  That  is,  that  the 
assistance  of  paients  should  be  to  prevent  falling,  which  incurs 
ph3'sical  injur}',  discouragement  or  fear.  But  they  should 
not  lend  this  assistance  until  the  child  first  makes  the  advances, 
nor  should  they  encourage  the  child  at  any  stage  except  as  it 
may  lack  courage,  or  if  there  is  danger  of  post  maturity. 
This  is  fundamentally  in  accord  with  the  line  of  development. 
At  the  functional  stage  the  desire  appears  in  the  normal  child; 
but  it  may  be  inhibited  by  the  effect  of  another  stimulus  as  was 
seen  in  the  child  who  stopped  climbing  after  he  had  learned  to 
creep.  The  physiological  effect  ot  walking  is  important  here. 
After  an  organism  has  functioned,  the  growth  is  much  more 
rapid,  we  see  this  in  the  case  of  a  bo}'  who  was  very  small  and 
pale  and  inactive  until  he  learned  to  creep  and  walk,  then  the 
whole  organism  apparently  received  new  life,  the  metabolic  pro- 
cesses increased  and  the  child  grew  strong. 
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Post  maturity  may  thus  be  avoided  by  the  suggestions  and 
assistance  of  parents  without  endangering  the  normal  develop- 
ment of  the  lower  limbs. 

These  returns  leave  no  place  for  the  walking  chair  nor  any 
other  mechanical  devices  of  body  braces,  etc.,  for  the  child's 
assistance,  and  the)^  agree  with  Dr.  Ploss  that  the  child  will 
learn  by  its  own  eflforts.  But  there  is  a  deep  pedagogical  prin- 
ciple underlying  the  co-ordinations  of  these  early  attempts.  If 
the  average  normal  individual  can  be  assisted  at  the  proper 
times  so  as  to  avoid  the  dangers  of  mental  discouragement,  the 
realization  of  his  growing  power  will  soon  be  evident.  Few 
children  have  sufficient  combativeness  to  prevent,  at  this  time, 
a  breaking  down  of  the  co-ordinations  which  have  formed  in 
the  nerve  centers  during  the  earlier  successful  attempts  by  in- 
jurious falls.  The  problem  of  the  psychology  of  success  is 
awaiting  a  scientific  investigation,  but  it  is  a  matter  of  common 
experience  that  every  successful  step  is  so  much  gain  in  favor 
of  the  next  succeeding.  Let  the  individual  feel  that  he  ca7i  do, 
and  having  once  experienced  the  doing  he  is  essentially  stronger 
physically  as  well  as  mentally  for  the  next  similar  action. 
Observations  made  upon  children  show  that  they  are  indeed 
very  responsive  to  such  conditions. 

Reversion. 

According  to  the  famous  riddle  of  the  sphinx,  man  shall  again 
surrender  his  upright  posture  and  turn  his  face  toward  the  earth 
from  whence  he  came. 

We  have  thus  far  traced  his  rise,  let  us  now  observe  some 
of  the  causes  of  his  reversion.  For  a  considerable  time  after 
children  have  learned  to  walk  and  run,  they  frequently  revert 
to  their  early  stage  of  creeping,  due  to  some  physical  or  psychic 
disturbance.  The  effect  upon  the  organism,  of  whatever  cause, 
may  be  temporary  or  permanent. 

The  temporary  reversions  may  be  due  to — fits  of  anger  and 
crying  or  laughter  mingled  with  fatigue;  to  fear  resulting 
from  a  fall;  to  various  children's  diseases  which  divest  the  or- 
ganism of  strength  during  the  early  walking  stage,  so  that  the 
child,  upon  recovery,  must  learn  to  walk  "over  again."  When 
the  child  is  asleep  the  body  curls  up,  approaching  its  earlier 
stages,  or  when  in  a  hurry  the  early  creeping  movements  will  be 
resumed.  While  insanity,  deformities,  nervous  and  muscular 
diseases  more  frequently  cause  permanent  reversions  and  old 
age  completes  the  cycle. 

Let  us  now  consider  more  in  detail  these  tendencies  so  com- 
mon, yet  so  unfamiliar,  in  the  development  of  the  human  being. 

A  fall  during  the  early  walking  stage,  which  does  not  produce 
physical  injury  or  cause  fear,  is  of  little  consequence  to  the 
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average  child.  It  simply  has  the  effect  of  a  slight  annoyance 
which  only  invites  greater  persistence.  But  if  the  fall  produces 
a  physical  injury  or  is  of  a  serious  nature  to  frighten  the  child, 
it  becomes  exceeding  discouraged,  which  will  frequently  destroy 
all  confidence  even  to  make  an  attempt  for  days,  weeks,  and 
in  extreme  cases  even  years.  One  observer  speaks  of  a  child 
who,  while  attempting  to  walk,  fell  upon  a  lifter  which  was 
lying  upon  the  floor  and  cut  his  head.  He  became  so  discour- 
aged that  he  did  not  attempt  to  walk  again  for  almost  two 
months.  Another  mentions  a  little  girl  two  years  old  who  had 
walked  for  about  two  weeks  when  she  received  a  severe  fall. 
It  made  her  so  timid  that  she  would  not  attempt  to  stand  up 
after  that  for  a  month.  When  urged  to  walk  by  her  mother 
she  would  say — "  I's  'fraid." 

Mi.ss  Shinn  has  observed  an  interesting  point  in  her  niece. 
While  the  child  was  on  a  railroad  trip,  with  its  parents,  of  five 
days'  duration,  during  the  early  walking  stage,  and  was  carried 
much  in  the  arms,  she  became  less  disposed  to  stand  and  creep. 
For  when  she  returned,  she  crept  shorter  distances,  she  only 
reached  toward  some  desired  place  or  object;  and  when  the 
distance  was  about  12  or  15  feet  she  would  creep  it  unobserved, 
but  if  noticed,  she  wished  to  be  carried. 

Effect  of  Falling. 

F.,  10  mos.  She  seemed  to  enjoy  falling  as  she  never  hurt  herself 
by  it.     She  always  tried  again  after  a  fall. 

F.,  2  yrs.  When  Sarah  was  two  years  old  she  fell  down  stairs  while 
trying  to  walk  down.  From  that  time  until  she  was  four  years  old, 
she  would  never  try  again,  but  must  be  carried  down. 

F.,  I  yr.  Helen,  while  learning  to  walk  had  a  severe  fall,  and  was 
hurt  quite  badly.  For  about  a  week  she  would  not  even  try  to  stand 
and  seemed  very  timid  when  she  finally  did  try. 

M.,  6  yrs.  This  child  could  walk  very  well  when  two  years  old. 
He  received  a  bad  fall  which  injured  his  spine,  after  that,  it  was  a  year 
before  he  walked  again.  He  is  now  six  years  old,  and  yet,  when  he 
walks,  he  drags  his  feet. 

M.  When  attempting  to  walk  he  fell  upon  a  lifter  which  was  lying 
upon  the  floor  and  cut  his  head.  He  was  so  discouraged  that  he  did 
not  attempt  to  walk  for  almost  two  months. 

F.,  2  yrs.  Ruth  had  walked  for  about  two  weeks  when  she  received 
a  severe  fall,  which  made  her  so  timid  that  she  would  not  attempt  to 
stand  up  after  that  for  a  month.  When  asked  to  walk  she  said — "  I 's 
afraid." 

F.,  16  mos.  When  she  fell,  she  was  not  at  all  dismayed  or  dis- 
couraged. 

F.,  10  mos.  When  Marie  fell  she  would  not  try  to  walk  again  for 
some  time,  it  frightened  her. 

M.  The  falls  which  this  child  had  were  not  of  a  serious  nature  and 
after  each  he  would  get  up  and  try  again. 

Effect  of  Fright. 

M.  A  little  boy  who  had  not  been  seen  to  stand  alone  before  was 
noticed  one  day  to  stand  in  the  middle  of  the  floor.     Several  persons 
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who  saw  him  cried  aloud  in  surprise.  The  child  sat  down  and  could 
not  be  made  to  stand  again  for  some  months,  the  cries  having  fright- 
ened him. 

F.,  lo  mos.  One  day  Helen  laughed  and  jumped  so  much  that  she 
got  out  of  breath  and  fell  over,  she  showed  by  the  expression  on  her 
face  that  she  thought  that  I  had  thrown  her  over  and  was  afraid  of  me 
for  some  time,  yet  she  tried  again. 

M.,  21  mos.  When  warm  weather  came,  Rnssell  ran  out  of  doors 
and  climbed  up  the  grape  arbor.  When  he  got  up  a  certain  height 
where  he  could  go  no  farther,  he  began  to  be  frightened.  He  was  aided 
in  getting  down  by  the  observer  and  after  that  avoided  the  arbor. 

F.  Elizabeth  gained  better  control  of  her  hands  when  she  walked, 
she  would  go  to  her  mother's  work  basket  and  carry  away  the  thimble 
and  thread.  One  daj^  she  pricked  her  finger  with  a  needle  and  after 
that  she  was  afraid  to  go  near  the  basket. 

Hurry, 

F.,  20  mos.  When  twenty  months  old  she  would  run  away,  but 
whenever  she  wanted  to  get  anywhere  in  a  hurry  she  would  always 
get  down  on  the  floor  and  creep  faster  than  she  could  walk. 

This  child  had  the  habit  of  creeping  on  its  elbows  and  knees,  but 
when  it  wanted  to  go  faster  it  would  roll  over  and  over. 

F.,  12  mos.  When  Retta  had  learned  to  stand  and  take  several  steps 
alongside  a  chair  and  saw  an  object  that  she  wanted  to  get  quickly 
she  would  roll  over  and  over  toward  it,  this  being  her  earlier  manner 
of  locomotion.  This  was  also  the  method  employed  by  her  mother  in 
childhood. 

M.,  9  mos.  His  natural  manner  of  movement  was  on  his  stomach 
pushing  himself  forward  with  his  hands  and  knees.  When  in  a  hurry, 
he  spread  his  hands  and  feet  so  that  he  seemed  to  crawl  like  a  crab. 

M.,  8^  mos.  G.  creeps  in  several  ways.  If  he  sees  something  which 
he  wants,  he  first  gets  on  his  hands  and  knees  and  starts  forward.  This 
way  does  not  seem  fast  enough,  so  he  turns  and  pushes  himself  back- 
ward (still  on  his  hands  and  knees).  Finally,  as  if  all  impatient,  he 
lies  down  flat  upon  his  back  and  rolls  over  and  over  until  he  reaches  the 
object.  He  always  tries  these  three  methods  if  he  is  in  a  hurry,  but 
ordinarily  he  simply  creeps,  usually  backwards. 

Lauo^hing .  The  physical  act  of  laughing,  as  described  in 
^Drs.  Hall  and  Allen's  study  on  the  "  Psychology  of  Tickling, 
Laughing,  and  the  Comic,"  appears  to  be  one  of  the  very  com- 
mon causes  of  reversion.  At  first  laughing  causes  a  "feeling  of 
bubbling  over,"  "a  ticklish  sensation  in  the  stomach,"  a  feeling 
to  "laugh  or  burst,"  as  a  "store  of  energy  which  must  be 
expended  to  relieve  a  strain,"  and  various  other  feelings  akin 
to  these.  Then  the  lips  curl,  the  bodj'  becomes  unsteady  and 
sways  back  and  forth,  the  head  is  at  first  thrown  back  and  the 
mouth  opened  wide,  then  the  muscles  of  the  neck  jerk,  the 
head  falls  forward,  the  shoulders  shake,  and  the  body  doubles 
up  convulsively.  Sometimes  the  subject  may  fall  upon  the  floor 
and  end  with  sobs  and  crying  or  is  seated  doubled  up  with  his 
elbows  akimbo  or  planted  upon  the  knees  holding  his  sides; 
the  body  rocking  violently  back  and  forth.    The  limbs  jerk,  the 
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feet  stamp  and  the  fists  pound.  The  breast  heaves  and  the 
diaphragm  moves  at  times  almost  convulsively.  I,ittle  children 
jump  up  and  down,  lie  on  the  floor  and  roll  all  over  the  room. 
The  fit  of  laughter  is  followed  b}-  a  state  of  fatigue  and  sober- 
ness with  intermittent  sighs,  heavy  breathing,  weakness  local- 
ized in  various  parts  of  the  body,  stitch  in  the  side  and  sore- 
ness, sweating,  chills,  uncontrollable  movements,  etc.  A  study 
of  the  physiological  effects  of  violent  laughter,  as  has  been 
shown  by  Dr.  Hall  in  the  majority  of  adults,  are  first  seen  to 
begin  with  the  highest  level  in  consciousness,  of  the  Hughlings- 
Jackson  theory,  "with  the  finer  muscles,  and  passes  dov>'nward 
to  lower  levels  and  more  fundamental  and  early  developed  mus- 
culature, although  in  some  children  this  order  is  exactly  re- 
versed. Expectation,  perhaps  all  that  is  available,  is  strongly- 
generated  in  the  higher  regions  of  consciousness;  the  resulting 
movements  pass  down  the  genetic  and  perhaps  meristic  levels 
till  circulation,  glandular,  and  even  intestinal  and  excretory 
activities  are  affected  and  the  sphinters  relaxed.  I,et  us  now 
consider  a  little  further  the  physiological  effects  of  laughing 
and  crying  as  well,  since  their  effects  are  the  same  physiolo- 
gically whatever  other  differences  there  may  be.  ^  The  weight 
of  the  viscera  in  quadrupeds  is  hung  from  the  horizontal  spine 
by  means  of  a  strong  elastic  suspensory  bandage  of  fascia,  the 
tunica  abdominalis.  In  man,  who  has  assumed  the  erect 
position,  the  weight  of  the  visceral  organs  is  thrown  upon  the 
long  girdle,  hence  the  pelvis  has  adapted  itself  b}'  becoming 
more  dish-like.  The  tunica  abdominalis,  in  man,  near  the 
thorax  has  entirely  disappeared;  in  the  groin,  where  it  is  of  use, 
it  still  remains  to  strengthen  the  weak  parts.  It  is  quite  com- 
mon in  children  that  a  fit  of  crying  or  violent  laughter  may 
cause  such  intense  downward  pressure  that  the  muscular 
ligament  of  the  abdomen  is  insufficient  to  withstand  it  and  the 
ligament  breaks,  which  is  testified  bj' the  prevalence  of  hernia. 
A  mild  form  of  the  strain  upon  these  comparativ^ely  unsup- 
ported parts  is  evident  in  the  feeling  of  weakness,  the  stitch  in 
the  side  and  soreness  in  the  groins.  As  the  body  is  thrown 
forward  in  violent  laughter,  and  doubled  up,  these  parts  are 
considerably  strengthened  by  a  counter  pressure  of  the  legs  and 
ribs  as  they  approach  each  other. 

Sleep.  All  the  various  positions  assumed  during  sleep  are 
reversionar}',  except  the  one  in  which  the  subject  lies  upon  his 
back.  "  Dr.  Osborne  has  investigated  the  most  favorable  position 
at  the  various  ages  of  life.  He  found  that  children  under  four- 
teen years  sleep  equally  on  the  right  side,  the  left  side  and  on  the 

^D.  F.  Baker:     Am.  Assoc,  for  Adv.     Viscera,  1890. 
^Osborne;     Dublin   Quarterly  Journal  of  Med.   Science,  1859,  Vol. 
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back;  but  that  5'oiing  girls  and  3'ouths  from  fourteen  to  twenty 
3'ears  of  age  sleep  most  often  on  the  right  side.  Fiftj'-nine 
cases  slept  on  right  side,  twent5'-nine  on  the  back  and  twenty- 
three  on  the  left  side.  In  the  side  positions  the  arms  and  legs 
are  curled  up  near  the  body  and  the  spinal  column  more  or 
less  curved  forward.  Soldiers  have  also  been  observed  to  sleep 
more  often  on  the  right  side  than  on  the  left.  ^  Marie  de  Mana- 
ceine  has  for  the  last  five  or  six  years  made  observations  con- 
cerning the  favorable  effects  of  changing  the  positions  of  the 
body  as  often  as  possible  during  sleep  and  believes  it  to  be 
hygienic  for  a  person  to  lie  upon  the  stomach  at  least  half  an  hour 
every  morning  before  rising.  She  has  observed  that  this  posi- 
tion, if  taken  every  day,  exercises  a  salutary  influence  on  an- 
gina pectoris,  and  other  diseases  of  the  chest  and  throat.  Marie 
de  Manaceine  has  also  observed  that  little  children  have  a 
marked  tendency  to  sleep  in  this  position,  flat  on  the  belly, 
but  they  are  broken  of  it,  .she  says,  by  parents  and  nurses, 
evidently  from  the  fear  that  they  may  acquire  bad  habits. 

It  is  evident  that  man  is  forced  to  pay  a  toll  to  the  god  of 
nature  for  this  privilege,  which  he  has  over  other  creatures, 
that  of  turning  his  face  heavenward,  by  having  visited  upon 
him  various  disorders  and  diseases  from  which  animals  are 
entirely  free. 

The  influence  of  the  upright  position  is  seen  on  the  circula- 
tion. In  the  horizontal  position,  the  great  vein  trunks  favors 
an  easy  flow  of  blood  to  the  heart  without  too  great  acceleration. 
Dr.  Baker"  has  observed  two  mechanical  defects  which  man,  in 
the  vertical  position  suffers;  first,  the  difiiculty  of  raising  the 
blood  through  the  ascending  vena  cava,  causing  congestion  of 
the  liver,  cardiac  dropsy,  and  other  similar  disorders,  and  sec- 
ond, the  too  rapid  delivery  through  the  descending  cava,  caus- 
ing syncope  or  fainting  if  for  any  cause  the  action  of  the  heart 
is  lessened. 

Clevenger  discovered  that  the  valves  of  the  veins  are  arranged 
to  favor  the  horizontal  position.  In  the  large  vertical  trunks, 
where  they  would  be  most  effective  to  resist  the  action  of  grav- 
ity, Clevenger  found  in  the  most  important  trunks  the  valves 
wanting,  which  causes  disorder  due  to  hydrostatic  pressure, 
varicose  veins,  varicoceli,  hemorrhoids,  etc.  He  found  them 
present  in  some  of  the  horizontal  trunks,  where,  so  far  as  can 
be  determined,  they  serve  no  purpose.  Placeman  in  bed  and 
the  valves  are  arranged  with  reference  to  the  action  of  gravity 
in  the  horizontal  position. 

When  the  sick  man  retires  or  the  weary  man  lies  down  it  is 

^  Marie  de  Manaceine :    Sleep,  its  Psychology,  Patholog}',  Hygiene 
and  Psychology. 

■■^Dr.  F.  Baker:  Am.  Assoc,  for  Adv.  of  Sc,  1890. 
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not  merely  a  conventionril  matter  but  one  of  deep  physiological 
significance.  Since  it  adjusts  the  position  of  the  body  to  the 
most  favorable  condition  for  the  action  of  the  vital  organs,  as 
well  as  a  general  relaxation  of  the  organs. 

There  is,  also,  a  word  to  be  said  in  favor  of  the  position  upon 
the  stomach  and  face  from  a  physiological  point  of  view.  It 
may  appear  an  uncomfortable  position,  yet  children  prefer  it  to 
anj'  other. 

The  back  position  will  cause  the  viscera  to  rest  their  weight 
upon  the  descending  circulator^'  trunks,  at  times  a  stomach  full 
of  food  is  added  to  the  weight  and  the  trunk  circulation  may 
be  below  normal  while  there  may  be  an  abnormal  flow  of  blood 
to  the  brain  through  the  ascending  aorta.  The  position  in  sleep, 
then,  is  not  a  matter  of  entire  indifference,  but  may  have  con- 
siderable influence  upon  the  general  health. 

Diseases.  The  effects  of  the  common  children's  diseases  are 
of  a  little  more  serious  nature  than  those  of  falling.  The  organ- 
ism is  depleted  of  its  strength  while  valuable  time  is  lost  at  a 
critical  stage  in  practice.  The  returns  show  conclusively  that 
a  child  may  have  sufficient  strength  to  carry  the  body  but  he 
has  simply  forgotten  the  movements.  A  pitiful  case  was  reported 
b}'  a  mother  whose  child  had  been  ill  for  two  weeks  with  the 
measles  immediately  after  he  had  learned  to  walk.  The  disease 
had  not  been  serious,  but  it  had  kept  him  in  bed.  After  recov- 
ering, when  he  tried  to  walk  again,  he  did  not  know  how  to  do 
it.  He  manifested  great  surprise  and  chagrin  at  his  failure,  for 
he  remembered  that  he  had  walked  before.  After  his  mother 
showed  him  how  to  place  his  feet,  he  eagerly  and  successfully- 
followed  her  instruction.  This  lighter  form  of  di.sease  depletes 
the  ph3'sical  strength  but  temporarily,  and  upon  recovery  it  is 
soon  restored  without  entirelj-  destroying  the  mental  image  or 
the  nervous  co-ordinations.  There  is,  however,  another  form 
of  disease  which  strikes  at  the  fundamental  root  of  motor-life, 
hence  it  invariabl}^  proves  fatal  to  the  muscles  involved.  These 
are  the  diseases  characterized  by  the  progressive  weakness  and 
atrophy  of  certain  groups  of  muscles,  or  cerebral  lesion  which 
seldom  causes  paralysis  of  the  lower  without  similarly  affecting 
the  upper  extremities. 

The  term  "progressive  muscular  atrophy"  was  formerly  ap- 
plied to  a  single  type  of  disease  which  was  considered  a  desig- 
nation for  an  entire  group  of  diseases.  Later  study,  however, 
established  two  distinct  diseases  instead  of  one  —  the  first  was 
the  "progressive  muscular  atrophy,"  as  described  by  Aran  and 
Duchenne  ;  the  second  pseudo-hypertrophic  muscular  paralysis. 
Various  different  forms  of  these  have  been  described  b\'  recent 
students.     The  various  t5-pes  of  progressive  muscular  disease 
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have  been  established  in  accordance  with  their  topographical 
distribution  of  atrophy  and  hypertrophy. 

The  so-called  "progressive  muscular  atrophy"  is  a  spinal- 
cord  affection  which,  as  a  rule,  begins  late  in  life.  It  begins, 
in  general,  with  an  atrophy  and  a  corresponding  weakness  in 
the  small  muscles  of  the  hand,  whence  it  extends  from  mu.scle 
to  muscle  to  the  deep  muscles  of  the  thenar,  to  the  flexors  and 
extensors  of  the  forearm.  Then  to  the  flexors  of  the  upper 
arm,  and  finally  to  the  muscles  of  the  trunk,  shoulders  and 
back.  Ducheune  recognized  the  fact  that  atrophy  may,  in  ex- 
ceptional cases,  begin  in  the  trunk,  shoulders  and  legs.  Sachs  ^ 
observed  several  cases  in  which  atrophy  in  the  lower  extremi- 
ties began  almost  simultaneously  with  that  in  the  upper  ex- 
tremities. As  this  disease  progresses  the  wasting  of  the  mus- 
cles becomes  more  and  more  extreme.  The  patient  loses  power 
of  locomotion  and  becomes  bed-ridden  from  which  death  releases 
him  after  many  years  of  annoyance. 

Hoff"mann  cites  the  case  of  a  girl  four  years  of  age  :  At  birth 
the  child  was  entirel}'  normal,  she  was  able  to  stand  at  nine 
months  of  age.  There  was  an  early  abnormal  development  of 
adipose  tissue.  Gradually  the  child  became  so  weak  that  she 
could  not  stand,  could  not  sit  upright  in  bed,  could  not  turn 
around  without  assistance.  For  a  long  time  she  was  unable 
to  move  her  feet  and  arms.  She  lost  her  superfluous  amount 
of  fat  as  the  motor  disturbances  increased  gradually  and  became 
emaciated  especiall}^  in  the  extremities  and  the  trunk. 

The  face  remained  full,  mentality  good,  speech  normal,  mas- 
tication unimpaired,  the  child  could  turn  the  head  but  could 
not  raise  it  from  the  pillow.  The  paralysis  was  in  proportion 
to  the  atrophy  of  the  muscles.  The  nerve-trunks  were  neither 
thickened  nor  sensitive  on  pressure.  The  paresis  and  atrophy 
of  both  upper  extremities  were  entirely  symmetrical,  and  the 
sensation  was  normal. 

The  muscles  of  the  back  and  abdomen  were  paretic,  the  long 
erectors  of  the  back  diminished  in  volume  and  power.  The 
gluteal  and  muscles  of  the  thigh  were  almost  completely  par- 
alyzed and  very  atrophic.  The  muscles  of  the  leg  were  atro- 
phic and  paretic.  The  movements  of  the  toes  were  almost 
normal.  The  paralysis  was  symmetrical  and  flaccid  leaving 
no  sensory  disturbance. 

Muscular  Pseudo-Hypertrophy  is  characterized  by  its  occur- 
rence in  early  5'outh.  It  has  been  considered  as  the  most  pro- 
nounced form  of  primary  myopathics,  and  not  of  spinal  origin. 
But  as  new  types  of  muscular  diseases  were  described  the  cases 
reported  inclined  rather  to  the  spinal  than  to  the  pseudo-hyper- 

^  Sachs:  Nervous  Diseases  of  Children,  Chap.  XXIII. 
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trophic  form.  Recentlj'  sufficient  evidence  has  been  brought  to 
show  that  all  the  primar}-  myopathies  are  closeh'  related  to  one 
another,  and  that  the  earh-  described  types  are  but  peculiarities 
in  the  topographical  distribution  of  diseases  which  should  be 
included  under  the  broad  term  of  progressive  dystrophies. 
There  are  various  types  of  the  disease  which  are  distributed 
among  the  affected  parts  differenth'  which  we  cannot  mention 
here.  One  example  will  suffice  to  show  the  effect  upon  the 
mu.scles  of  locomotion.  The  disease  is  more  common  in  boys 
than  in  girls,  but  inherited  through  the  mother.  '  Its  first 
symptoms  are,  a  weakness  in  the  muscles  of  the  legs,  an  in- 
crease in  the  size  of  the  calf  muscles.  The  gait  becomes  wab- 
bling, and  the  child  soon  finds  difficulty  in  walking  up  and  down 
stairs,  in  climbing  upon  chairs  and  off",  in  raising  the  body  in 
an  erect  position,  the  patient  usually  "climbs  up  upon  himself." 
In  later  stages  the  patient,  if  placed  upon  the  floor,  lies  abso- 
lutely prostrate  and  is  unable  even  to  raise  the  head.  Sitting 
becomes  impossible.  The  patient  may  lose  all  power  of  the 
lower  and  upper  extremities  except  the  small  muscles  of  the 
hands  consequently  the  hand  may  climb  up  in  order  to  carry 
up  the  arm. 

Effect  of  Disease. 

M.  Herbert  had  the  whooping  cough  and  became  so  weak  that  he 
could  not  w-alk.  When  he  got  better  he  had  to  learn  to  walk  over 
again. 

F-,  9  mos.  When  Alice  was  learning  how  to  walk  she  was  taken 
with  the  measles.  After  recovering  she  was  very  weak  and  did  not 
attempt  to  w-alk  for  some  time.  When  she  did  begin,  it  was  like  be- 
ginning over  again.     She  first  began  to  stand  then,  finally  walk. 

This  child  was  taken  ill  wilh  scarlet  fever  and  did  not  attempt  to 
walk  for  six  months. 

F.,  9  mos.  When  Florence  was  nine  months  old  she  could  walk  all 
around  the  room  by  pushing  a  chair.  She  was  taken  sick  with  bowel 
disorder,  after  which  she  did  not  walk  until  she  was  fourteen  months 
old,  when  she  had  to  learn  all  over  again. 

M.,  3  yrs.  Was  taken  sick  when  three  years  of  age,  and  could 
not  walk  after  that  until  six  years  old. 

M.,  2>^  yrs.  My  brother  walked  when  nine  months  old.  When  he 
was  two  and  one-half  years  old  he  was  very  ill  with  spotted  fever. 
After  the  illness  he  could  not  walk  but  learned  again  to  creep  and  then 
walk. 

M.,  2o  mos.  When  Willie  was  a  year  old  he  could  walk  quite  well. 
He  was  taken  sick  with  bowel  trouble  which  left  a  fever  and  chills 
with  him  all  summer.  When  he  got  rid  of  these  he  could  not  walk, 
but  had  to  learn  over  again. 

Idiots  and  Imbeciles. 

In  general  idiots  or  imbecile  children  are  awkward  in  their 
general  movements  and  considerably  retarded  in  their  voluntary 
co-ordinations. 
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Dr.  Ireland^  investigated  the  development  of  1 1  r  cases  of 
idiots  who  learned  to  walk.  The  average  time  at  which  they 
learned  was  at  the  age  of  2j4  years.  Five  of  the.se  are  stated 
to  have  begun  to  walk  at  one  year.  This  lateness  in  learning 
to  walk,  according  to  Dr.  Ireland's  report,  may  be  due,  in  some 
cases,  to  weakness,  in  others  to  nervous  disease,  but  there  are 
ca.ses  where  the  child  appeared  strong  and  healthy,  and  the  de- 
ficieuc}^  was  in  the  power  of  mental  guidance.  The  gait  was 
awkward  and  was  acquired  along  the  line  of  lea.st  expenditure 
of  effort,  and  it  was  never  changed  or  improved.  If  the  children 
were  required  to  walk  upon  a  plank,  they  were  successful  ac- 
cording to  the  degree  of  intelligent.  The  most  intelligent  suc- 
ceeded best.  They  balanced  the  body  poorly,  the  hands  were 
flapped  or  vibrated  about  instead  of  being  employed  to  seize 
and  hold  with  intelligence. 

A  comparative  study  of  idiots  and  imbeciles  and  normal 
children  produces  a  valuable  suggestion  which  shows  in  a 
measure  conclusively  the  part  played  by  intelligence  in  learn- 
ing to  walk.  The  average  age  at  which  normal  children  begin 
to  walk  is  12  months.  (Dr.  J.  Crozier  Griffith — Care  of  the 
Baby.)  The  imbeciles,  according  to  Dr.  Ireland,  begin  at 
about  2j4  years.  There  is  a  difference  of  i^  years  that  the 
normal  child  has  the  advantage.  The  physically  abnormal 
idiots  are  ruled  out,  so  that  under  normal  conditions  the  organ- 
isms would  function  at  about  the  same  time  in  the  two  cases. 
But  we  see  a  difference  of  i  ^  years.  This  difference  may  be 
due  to  two  causes.  First — the  psychic  activity  of  the  idiot  is 
more  sluggish  than  that  of  the  normal  child.  He  may  receive 
the  same  stimulations  but  these  do  not  establish  the  same  asso- 
ications  in  consciousness,  hence  he  lacks  the  prevision  of  the 
normal  child.  This  produces  the  second  or  physiological 
cause.  The  functioning  of  the  organs  is  delayed  because 
of  a  failure  to  take  advantage  of  wholesome  exercisuig  and 
experience.  The  former  to  stimulate  the  organism,  the  lat- 
ter to  form  the  basis  of  new  and  higher  activit5^  When 
both  the  imbecile  and  the  normal  child  arrive  at  the  age  of 
twelve  months,  the  latter  has  been  responsive  and  has  been 
stimulated  to  activity,  his  bodily  organs  are  stronger;  he  has 
profited,  the  latter  has  not.  One  child  devises  methods  to  give 
expression  to  the  natural  desire  within  him,  and  often  changes 
these;  the  other  accepts  the  more  simple  means  which  require 
the  least  mental  effort  and  they  are  adhered  to  without  change. 

1  Mental  Affection  of  Children. 


56  trettien: 

Conclusions. 

•  ^  "  Nature  has  succeeded  in  making  a  man;  she  can  go  no 
farther.  Organic  evolution  has  done  its  work, ' '  In  the  fore- 
going chapters  we  have  seen  how  the  human  organism  has 
assumed  the  upright  position,  expressing  the  fullest  range  of 
possibility  and  the  limit  of  organic  evolution.  In  concluding, 
let  us  further  consider  the  effects  of  this  attitude  upon  the  men- 
tal life.  "  Masso  has  said  that  the  mobility  of  an  animal  is  an 
index  to  the  intelligence  of  it.  "Among  all  birds  the  parrot 
is  the  most  intelligent,  because  it  makes  more  use  than  do 
all  the  other  birds  of  its  legs,  beak  and  tongue.  The  elephant 
is  more  intelligent  than  all  other  wild  animals,  because  he 
makes  use  not  only  of  his  legs,  but  also  of  his  snout  as  organs  of 
movement. ' ' 

If  the  state  of  intelligence  depends  upon  mobility  in  animals 
in  general,  whose  limbs  are  used  entirely  for  locomotion,  what 
an  enormous  advantage  is  given  to  man  over  other  creatures. 
His  bodily  size  and  weight  is  midway  between  the  small  and 
feeble  creatures  and  the  large  and  clumsy,  thus  combining 
grace  with  strength;  and  his  body  is  balanced  upon  one  pair  of 
limbs,  setting  the  others  free.  The  movement  of  the  arms  is  as 
varied  as  a  free-moving  radius  of  a  sphere;  add  to  this  the  infinite 
number  of  movements  of  the  digits  and  there  is  a  complexity  of 
enormous  significance  which  sends  its  impulses  to  the  central 
nervous  system.  Indeed  some  of  the  modern  writers  consider 
that  human  intelligence,  as  such,  has  arisen  in  direct  conse- 
quence of  man's  assuming  the  upright  position,  ^so  close  is 
the  relation  existing  between  the  mental  life  and  muscular 
movements.  Many  persons  consciously  experience  this  in  not 
being  able  to  think  if  they  suppress  the  muscular  movement. 

If  we  accept  with  Hoffding  the  conclusion  that  mental  and 
physical  activity  are  not  different  things,  but  opposite  sides  of 
the  same  thing,  we  can  accept  the  axiom  that  the  mind  can 
only  be  educated  through  the  senses,  and  the  more  senses  and 
the  better  they  are  developed  the  greater  will  be  the  possibility  of 
the  mental  power. 

Not  only  are  the  arms  and  hands  by  the  erect  position  to 
present  new  and  varied  stimuli  but  the  eye  is  raised  enlarging 
the  field  of  vision  in  the  farthest  horizon,  enabling  it  to  act  like 
a  sentinel  for  the  other  senses  against  friend  and  foe.  The  eye 
is  placed  in  the  skull  so  that  there  may  be  the  greatest  possible 
centration  of  attention.  Perhaps  it  is  that  advantage  which 
the  senses  gain  in  their  wider  range  that  gives  man  a  passion 

1  Diummonrl — Ascent  of  Man,  p.  99. 

2 Decennial  Volume  Clark  Univ.  Address. 

^Districker:    Bewegungs  vorstellungen. 
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for  climbing  high  hills  and  mountains,  that  he  may  look  about 
over  the  wide  expanse.  What  a  feeling  of  exultation  does  he 
experience  as  he  views  the  plains,  cities  and  living  creatures 
lying  at  his  feet. 

The  proud  and  haughty  spirit  is  not  common  in  short  and 
stooping  persons,  but  it  manifests  itself  iu  the  strut  of  the 
pompous  person  which  plainly  over  emphasizes  the  upright 
position. 

The  attitude  of  prayer  is  not  without  its  significance. 

The  meek  and  humble  veil  their  faces  and  lie  prostrate  ;  the 
Greek,  who  stood  erect  with  up  lifted  countenance  offering  soul 
and  body  to  Apollo,  the  god  of  health  and  beauty,  furnish  us 
not  only  a  most  perfect  type  of  physical  strength  and  beauty 
but  his  intellectual  power  has  been  the  admiration  of  the  world. 

Physical  and  mental  life,  in  the  race,  in  the  individual,  come 
into  being ;  pass  through  simple  to  complex  stages  by  a  slow 
process  ol  development  ;  reach  their  zenith  of  power  and  return, 
making  the  cycle  complete.  But  a  slight  disturbance  in  either 
body  or  mind,  a  disease,  a  passion  has  a  tendency  to  undo 
shortly  what  has  been  a  long  and  difficult  process  of  growth. 
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his  valuable  suggestions  and  criticisms  from  time  to  time; 
to  the  other  members  of  the  faculty  of  Clark  University 
and  to  the  physicians  of  the  city  hospitals  of  Worcester  for  their 
assistance  from  many  sources;  to  Mrs.  A.  W.  Trettien  for  her 
assistance  in  summarizing  the  results  obtained,  and  to  the  many 
others  who  so  carefully  recorded  and  sent  the  facts  of  their  ob- 
servations, I  am  grateful. 
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Part  II. 
I.     Experiments  with  Distraction. 

[Note.  The  writer  feels  that  some  explanation  is  necessary  for  the 
length  of  the  "time  interval"  between  the  first  and  second  parts  of 
this  investigation  ;  it  was  due  to  the  leaving  of  some  of  the  data  in  Cali- 
fornia— only  a  part  of  which  the  writer  has  been  able  to  obtain.  There 
are  several  errors  in  the  tables  in  the  first  article  [Amer.Jour.Psy., 
Vol.  _XI,  No.  i].  P.  75,  "total  =i6o"  should  read  "total  =323," 
and  in  the  line  below  "1440"  should  be  1603.  On  page  77  "total 
judgments  for  G  '*  should  be  "  2111  "  instead  of  1211.  This  article  is 
based  on  experimentation  carried  out  by  Mr.  Henry  Harwood,  A.  M. — 
the  collaborator  of  the  writer  in  Part  I  of  this  investigation,  where  can 
be  found  the  general  tables  embodying  the  results  of  the  experiment. 
Wiirzburg,  July  8th.] 

The  experiments  with  distraction  were  undertaken  partly  with 
a  view  of  testing  the  memory-image  theory  of  comparison,  and 
partly  in  the  hope  that  by  varying  the  form  of  distraction  some 
insight  might  be  obtained  into  the  manner  in  which  two  sensations 
are  bound  up  into  a  judgment.  It  was  thought  that,  if  the  deliv- 
ery of  such  a  judgment  depended  on  the  carrying  over  of  a  mem- 
ory image  from  the  first  impression  to  the  second  for  the  purpose 
of  comparison,  almost  any  strong  form  of  distraction  should 
decrease  the  percentage  of  right  judgments,  and  that  some 
forms  should  act  with  more  disturbance  than  others  either  be- 
cau.se  the)^  were  more  absorbing — that  is,  inhibited  all  memory 
images  alike,  or  because  the  particular  form  in  which  they 
functioned  interfered  more  strongly  with  the  motor  or  sensory 
vehicle  of  the  memory  image. 

Accordingly  for  the  first  group  of  reagents, — E. ,  W. ,  A.,  and 
S.  (experiments  of '95-'96),  five  kinds  of  distraction  were  used, 
viz. : 

1°   Continuous  addition  of  written  figures.      (Ad.) 
2°  Counting  metronome  beats — 3  per  second.      (Mi.) 
3°   Counting  metronome  beats — i^  per  .second.      (M2.) 

4.  Reading  letters  of  printed  words  backwards.      (Rdg.) 

5.  Reading  interesting  literature  aloud  (intoning).      (Lit.) 
As  the  counting  of  metronome  beats  seemed  to  become  me- 
chanical with  practice,    two  other  forms  of  distraction  were 
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substituted  with  reagents  G.  and  B.  (experiments  of  'gS-'gy); 
they  were: — 

6°  Listening  to  interesting  reading.      (H'r'g.) 

7°  Discriminating  between  pairs  of  clangs  differing  by  8,  4 
or  o  vibrations.      (D'c'n.) 

As  a  comparison  of  two  tones  reqnires  a  period  of  at  least  3 
seconds,  and  again  as  it  takes  an  appreciable  time  for  interest 
to  be  aroused  in  listening  to  reading,  these  last  2  forms  of  dis- 
traction could  not  be  used  for  the  shorter  intervals;  they  were 
accordingly  applied  only  to  intervals  of  10,  20,  30,  40  and  60 
seconds.  On  the  other  hand  it  is  to  be  said  that  distraction  for 
the  one  second  interval  can  mean  only  that  the  '  set '  of  the 
reagent's  mind  is  different  from  that  for  an  unfilled  interval. 

Inasmuch  as  the  several  forms  of  distraction  are  applied  to 
six  different  norms  for  the  reagents  G.  and  B.,  and  to  three 
different  norms  for  reagents  L.,  W..  A.,  and  S.,  it  will  first  be 
necessary  to  consider  the  relation  of  pitch  to  the  number  of 

Table  V  (a). 

Percentages  of  right  cases  [r]  of  reagents  L.,  IV.,  A.,  S.,  for  the 
norms  540,  560,  ^80,  with  differences  [A]  of  8,  4,  0  vibrations, 
with  and  ivithout  the  Distractions  Ad.,  Rd.,  Lt.,  M"^,  M-.  Each 
percentage  given  is  usually*  based  on  ^2  judgments  for  tiorms  j6o 
and  580,  and  on  36  judgments  for  norm  §40.  Nine  {g)  time  inter- 
vals frorn  I  to  60  sec. 


Reagent. 

Norm. 

No. 

D'n. 

D'n. 

No. 

D'n. 

D'n. 

No. 

D'n. 

D 

'n. 

A 

r 

r 

A 

r 

r 

A 

r 

r 

560 

8 

94 

Ad 

96 

4 

81 

Ad 

83 

0 

42 

Ad 

25 

L. 

540 

8 

98 

Rd 

94 

4 

91 

Rd 

86 

0 

64 

Rd 

41 

580 

8 

91 

Lt 

87 

4 

85 

Lt 

91 

0 

41 

Lt 

8 

580 

8 

96 

Ml 

93 

4 

82 

Ml 

84 

0 

50 

Ml 

28 

560 

8 

92 

M2 

98 

4 

78 

M2 

88 

0 

53 

M^ 

II 

560 

8 

86 

Ad 

79 

4 

60 

Ad 

64 

0 

64 

Ad 

63 

540 

8 

96 

Rd 

94 

4 

84 

Rd 

72 

0 

72 

Rd 

61 

W. 

580 

8 

90 

Lt 

83 

4 

78 

Lt 

75 

0 

81 

Lt 

49 

580 

8 

91 

Ml 

91 

4 

74 

Ml 

66 

0 

69 

Ml 

37 

560 

8 

93 

M2 

78 

4 

66 

M2 

68 

0 

56 

M^ 

56 

560 

8 

89 

Ad 

83 

4 

71 

Ad 

71 

0 

72 

Ad 

60 

540 

8 

88 

Rd 

90 

4 

88 

Rd 

75 

0 

73 

Rd 

63 

A. 

580 

8 

86 

Lt 

88 

4 

72 

Lt 

71 

0 

78 

Lt 

65 

580 

8 

92 

Ml 

94 

4 

70 

Ml 

73 

0 

83 

Ml 

56 

560 

8 

96 

M'^ 

95 

4 

81 

M2 

72 

0 

70 

M2 

42 

560 

8 

59 

Ad 

42 

4 

54 

Ad 

53 

0 

19 

Ad 

13 

S. 

540 

8 

64 

Rd 

73 

4 

60 

Rd 

61 

0 

25 

Rd 

25 

580 

8 

60 

Lt 

61 

4 

45 

Lt 

72 

0 

44 

Lt 

13 

580 

8 

57 

Ml 

66 

4 

55 

Ml 

53 

0 

33 

Ml 

22 

560 

8 

49 

M2 

47 

4 

50 

M2 

44 

0 

28 

M2 

14 

*Iu  the  case  of  A.  the  percentages  are  based  on  60  to  72  judgments. 
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right  and  wrong  judgments  before  proceeding  with  the  discus- 
sion of  the  efifects  of  distraction.  Table  V  gives  a  summary 
for  all  time  intervals  of  the  percentage  of  right  judgments  for 
all  norms,  and  for  all  forms  of  distraction  with  the  three  dif- 
ferences of  vibration  (8,  4,  o, )  between  norm  and  variable. 
Luft,  as  is  well  known,  found  that  the  absolute  discriminative 
sensibility  was  about  constant  for  the  region  which  includes 
our  norms.'  Wolfe's  results  on  the  other  hand  indicate  rather 
a  decrease  in  the  number  of  right  judgments  with  the  increase 
in  height  of  tone,"-^  whilst  Meyer  reports  a  fairly  constant  value 
for  the  region  200  to  600  vibrations  and  a  lower  value  for  100 
and  1,200  vibrations^  with  Stumpf  as  reagent. 

Our  results  with  the  first  set  of  reagents  (Table  V  a)  show 
more  correct  judgments  for  N  =  540  than  for  N  =  560  or  580, 
but  in  some  cases  less  correct  judgments  for  560  than  for  580. 
These  norms,  however,  differ  so  little  that  for  the  first  set  of 
results  the  question  of  the  relation  of  pitch  to  discriminative 
sensibility  need  not  be  taken  into  account. 

For  reagents  G.  and  B. ,  taking  the  extremes  of  norms  used 
under  similar  conditions,  the  averages  for  difierences  of  8  and 
4  vibrations  (without  D)  are: — 

Per  cent,  right  cases  for  G.  and  B. 


Norm. 

A=±8 

A  =  ±4 

Norm. 

A=±4 

540 
576 

92.5 
86.5 

80.0 
77-5 

640 
768 

66.5 
53-0 

The  experiments  with  norms  640  and  768  are  based  on  results 
with  time  intervals  10  to  60  seconds,  and  therefore  are  not 
strictly  to  be  compared  with  the  results  from  norms  540  and 
576.  The  indications  from  these  figures  are  in  favor  of  a  decrease 
in  the  absolute  sensitiveness  to  difference  with  increase  in  pitch; 
but  the  mean  variation  of  these  averages,  if  they  may  bear  the 
name,  is  too  great  to  permit  much  reliance  to  be  placed  on  the 
indications.  We  shall,  therefore,  proceed  to  the  discussion  of 
the  distraction  experiments  without  regard  to  any  general  law 
of  variation  of  the  liminal  difference  with  pitch. 

Of  the  seven  (7)  forms  of  distraction  mentioned  above,  the 
'intonation'  of  interesting  literature,  and  the  listening  to  read- 
ing were  the  most  distracting  iu  the  sense  of  being  the  most 

^.Luft :  Ueb.  d.  Unterschiedsempfindlichheit  f.  Tonhohen.  Phil. 
Stud.,  V,  S.  529. 

^Wolfe:  Unt'g  ii.  d.  Tongedachtniss.     Phil.  Stud.,  Ill,  S.  561. 

3 Meyer:  Ueb.  d.  Unt'dsemp'k't  f.  Tonhohen.  Z.  f.  Psy.,  XVI,  S. 
357- 
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absorbing.  Coming  after  the  monotony  of  the  longer  intervals 
in  which  the  attempt  was  made  to  hold  the  mind  steadily  on  the 
norm,  these  occupations  were  accompanied  by  fairly  strong 
feelings  of  relief  and  interest,  so  that  it  was  found  necessary  to 
give  a  premonitory  signal  in  order  that  the  reagents  might  pull 
themselves  together  for  the  apprehension  of  the  variable  sound. 
This  '  apperceptive  signal '  was  used  for  intervals  above  3  sec- 
onds both  for  experiments  with  and  without  distraction.  It  is 
hardly  necessar\'  to  state  that  the  intonation  was  for  the  pur- 
pose of  testing  the  theory  that  an  inaudible  '  Mitsingen'  was  the 
vehicle  for  carrying  over  the  image  of  the  norm  to  the  moment 
of  comparison.  This  theory,  as  is  remarked  by  the  writers  of 
the  first  part  of  this  investigation,  is  highly  improbable  in  view 
of  the  relatively  small  differences  used.  For  the  shorter  inter- 
vals, there  was  but  little  chance  to  become  interested  in  the 
matter  read;  but  the  attempt  to  comprehend  the  meaning  of  a 
sentence  or  part  of  a  sentence  in  the  short  time  interval  was 
hardh'  less  absorbing  than  'plot-interest.' 

For  the  reagents  of  the  first  group  the  reading  backwards  of 
printed  letters  and  the  continuous  adding  came  next  in  absorb- 
ing interest :  in  the  former  process  particularly,  a  danger-signal 
for  flagging  attention  is  given  from  the  occasional  attempt  to 
read  the  letters  in  direct  order  or  even  to  pronounce  the  words 
which  the  letters  compose. 

In  each  of  the  above  4  occupations  the  distraction  was  more 
continuous  and  absorbing  than  was  the  case  with  counting 
metronome  beats,  where  the  intervals  between  successive  beats 
or  a  mechanical  way  of  counting  gave  chances  for  a  recall  of  the 
norm — the  temptation  to  which  was  the  more  insistent  because 
it  was  to  be  suppressed. 

The  distraction  by  means  of  compari-sons  of  pairs  of  clangs 
was  of  course  undertaken  in  the  hope  of  appl^'ing  a  '  crux ' 
to  the  memory-image  theory  as  well  as  of  getting  some  sort 
of  an  estimate  of  the  amount  of  distraction.  It  was  presumed 
that  during  the  process  of  apprehending  the  sounds  and  perhaps 
in  the  moment  of  judgment  the  attention  would  be  wholly 
occupied  :  if  this  were  not  the  case,  if  the  mind  of  the  reagent 
was  more  or  less  occupied  with  the  central  sensation  of  the 
original  norm,  it  was  supposed  that  the  efi"ect  would  be  seen  in 
a  diminished  number  of  right  distraction  cases. 

Considering  now  the  total  effect  of  all  forms  of  distraction 
on  each  of  the  reagents,  we  get  the  results  set  down  in  Table  VI. 

The  most  obvious  conclusion  to  be  drawn  from  the  following 
table  is  that  distraction  often  failed  to  distract  in  the  sense  of 
diminishing  the  number  of  correct  judgments  :  in  fact,  if  dis- 
traction had  any  effect  at  all  on  accurac}'  of  judgment  for 
differences  of  8  and  4  vibrations  between  norm  and  variable,  we 
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Number  of  instances  of  increase,  equality  and  decrease  in  percentages 

of  right  cases  for  all  forms  of  distraction  as  compared  with 

the  percentages  for  undistracted  intervals. 


No.  of  instances  of 
increase  iu%  of  right 
cases  with  distraction. 

No.  of  instances  of 
equality  in  %  of  right 
cases  with  distraction. 

No.  of  instances  of 
decrease  in  %  of  right 
cases  with  distraction. 

A  = 

i8 

±4 

0 

±8 

±4          0 

±8 

±4 

0 

Reagent  L 

"       W 

A 

vS 

"       G 
B 

2 
0 
3 
3 
I 
2 

4 
2 

I 

3 
2 
0 

0 
0 
0 
0 
0 
I 

0 

I 
0 
0 
0 

I 

0 
0 
I 
0 
0 
0 

0 
I 
0 

I 
I 
0 

3 
4 
2 
2 

4 
2 

I 
3 
3 

2 

3 
5 

5 
4 
5 
4 
4 
4 

Total 

II 

12 

I 

2 

I 

3 

17 

17 

26 

could  conclude  that  it  increased  the  accuracy  about  Yz  as  often 
as  it  decreased  it,  and  in  a  few  in.stances  had  no  effect. 

Ver}^  different  are  the  results  or  the  accompaniments  of  dis- 
traction for  A  =  o  :  only  once  do  we  find  any  instance  where  the 
distraction  was  accompanied  by  an  increase  in  accuracy  of 
judgment,  while  in  26  instances  the  accuracy  was  decreased. 
Here,  as  in  the  effects  of  the  flight  of  time  without  distraction, 
the  objectively  like  cases  seem  to  differ  indeed  from  the  unlike 
this  stimuli  in  their  relation  to  the  processes  of  judgment,  and 
makes  still  more  questionable  the  propriety  of  mixing  the 
results  of  like  and  unlike  stimuli  together  into  general  averages, 
in  these  so-called  memory  experiments. 

The  next  questions  that  naturally  arise  are  : 

1°  Is  the  excess  of  about  y'l  wrong  judgments  in  the  ex- 
periments with  distraction  for  differences  of  8  or  4  vibrations  to 
be  attributed  to  any  particular  forms  of  distraction? 

2°  Is  there  any  correspondence  between  the  reagents'  estimate 
of  the  depth  and  absorbing  power  of  a  given  distraction  and  an 
increase  in  wrong  judgments?  Tabulating  the  instances  where 
D  was  accompanied  by  an  increase  or  a  decrea.se  of  right  judg- 
ments, or  where  no  change  took  place,  we  find  for  the  several 
values  of  A  and  for  the  several  kinds  of  D  the  following  table. 

An  effect  of  distraction  apparent  in  the  following  table  is 
more  noticeable  in  this :  it  is  that  distraction  affected  differences 
of  8  and  4  vibrations  about  equally;  for  4  reagents  with  5  forms 
of  distraction  a  difference,  of  8  vibrations  resulted  in  8  in- 
stances of  increase  and  11  of  decrease  in  the  percentages  of 
right  judgments,  and  a  difference  of  4  in  9  instances  of  increase 
and  ID  of  decrease.  For  six  reagents  with  the  first  3  forms  of 
distraction,   the   corresponding   figures  for    A  =  8   and    A  =  4 
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Table   VII. 


Increase  {in.)  decrease  {de.)  and  equality  {eq.)  in  percentage  of  right 
judgments  in  distractioti  comparisons. 


REAGENTS  B.  &  G. 

REAGENTS  L.W.  A.  S. 

TOTAI,  REAGENTS 
B.  G.  I,.W.  A.  S. 

±8 

±4 

0 

±8 

i4 

0 

is 

±4 

0 

5  i 

w 

sow 

5  i 

a 

w 

2  i  g 

s  i  ^ 

Sow 

s  i  ^ 

2  §  ^ 

»:   «   ex 

^    »    H 

Dist'n  Ad. 

I  I 

0 

I   I    0 

0  2 

0 

I  3  0  2  I  I 

040 

240 

3  2   I 

060 

"      Rd. 

I  I 

0 

r    I    0 

0  2 

0 

220130 

0  3    I 

330 

240 

051 

"      Lt. 

0 1 

I 

020 

0  2 

0 

22  022  0 

040 

2  3  I 

240 

060 

"      M  I. 

21  1220 

040 

'<        M  2. 

13  022  0 

0  3    I 

"      Hrg. 

I  I 

0 

020 

0  2 

0 

"       Dcii  I. 

0  2 

0 

020 

1 0 

I 

"      Den  2. 

oil 

0  2 

0 

"      Den  3. 

201 

I  I 

0 

i 

alike,  are  an  increase  of  7  and  a  decrease  of  ten  (10).  These 
figures  are  not  easily  intelligible  on  the  basis  of  a  memory- 
image  theorj^  of  comparison. 

In  answer  to  the  first  of  the  above  questions,  it  cannot  be 
said  that  the  distracting  powers  of  any  of  these  forms  of  occupa- 
tion was  very  much  in  excess  of  any  other.  The  first  series  of 
experiments  with  the  interpolated  discrimination  of  pairs  of 
tones  (Dcni)  gives,  indeed,  4  instances  of  decrease  and  none  of 
increase,  but  the  last  series  (with  a  different  norm)  gives  3  of 
increase  and  i  of  decrease.  And  here  it  may  be  objected  that 
counting  the  number  of  instances  of  increase  or  decrease  is  too 
rough  a  way  to  estimate  the  effects  or  accompaniments  of  dis- 
traction, and  that  the  amount  of  effect  as  expressed  in  each 
percentage  should  be  taken  into  account.  But  W.,  to  take  one 
of  many  examples,  drops  from  .93  to  .78  for  a  difierence  of  8 
vibrations  with  the  distraction  M  ^,  but  rises  for  the  same  dis- 
traction from  66  to  68  for  a  difference  of  4  vibrations.  The 
variations  of  the  percentages  are  too  great  to  permit  any  com- 
parison of  them  in  pairs ;  but  by  lumping  all  the  results  for 
all  kinds  of  distraction  and  for  all  reagents  together  we  get 
figures  which,  if  they  have  no  worth  as  absolute  values,  illus- 
trate, in  all  probability,  the  general  trend  of  the  accompani- 
ments of  distraction.  A  further  objection  might  be  raised  to 
the  effect  that  a  careful  determination  of  the  type  to  which 
each  reagent  belonged  should  have  preceded  the  experimenta- 
tion. It  is  a  fault  of  the  investigation  that  not  enough  attention 
was  given  to  the  observations  of  the  reagents  on  the  mental  pro- 
cess in  play  during  the  intervals.  On  the  other  hand,  there  was 
the  danger  with  comparatively  new  and  very  conscientious  re- 
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agents,  of  stimulating  introspection  to  an  extent  that  would 
have  prevented  all  regularity  in  judgment.  However,  the  expe- 
riments were  in  part  undertaken  to  determine  what  sensory  or 
motor  vehicle,  if  any,  existed  which  carried  over  the  memory 
image  of  the  first  sound  to  the  moment  of  comparison  with  the 
second.  To  this  end  we  used  such  a  'drag-net'  form  of  dis- 
traction as  intoning  interesting  reading  to  act  at  once  on  any 
form  the  memory  image  might  take,  together  with  special 
aim  at  the  "  Mitsingen."  In  contrast  with  this  was  the  purely 
special  form  of  discriminating  between  tones,  which  was,  of 
cour.se,  designed  to  act  on  the  acoustic  or  rather  auditory  form 
of  memor\^  image.  Between  the  two,  with  no  especial  sensory 
or  motor  disturbances,  lay  one  of  the  most  efficacious  forms  of 
distraction — listening  to  interesting  reading  (Hrg). 

The  question  as  to  the  agreement  between  the  subjective 
impression  of  the  depth  or  absorbing  power  of  a  given  abstrac- 
tion and  the  decrease  in  the  percentage  of  right  judgments  is 
also  to  be  answered  negatively.  Beginning  with  the  intonation 
of  interesting  reading  as  the  most  absorbing  form  of  distraction, 
next  in  order  came  reading  letters  of  words  read  backwards, 
and  last  and  least  the  counting  of  metronome  beats  M^  and  M^. 
As  the  discrimination  of  pairs  of  sounds  affected  only  2  re- 
agents we  shall  consider  them  .separately.  Tabulating  the 
results  for  the  4  reagents  I,.,  W.,  A.,  S.,  who  were  acted  on  by 
the  above  5  forms  of  distraction,  we  find  for  A::=  ±  8  and  ±4 
the  following  instances  of  increase  (in.)  or  decrease  (de. )  in 
percentages  of  right  cases  as  compared  with  intervals  without 
distraction. 

Rd.  M2  Ad  Lt.  Ml 

in-  3  3  3  4  4 

de.  5  5443 

There  is  very  little  indication  here  of  any  correspondence  be- 
tween the  depth  of  absorption  and  decrease  in  accuracy  of 
judging.  The  most  absorbing  form  of  D  —  reading  with  into- 
nation (Lt),  is  accompanied  more  often  with  an  increase  in 
percentage  of  correct  judgments  than  the  least  absorbing  form, 
of  counting  metronome  beats  at  the  rate  of  1.5  a  second.  No 
very  great  amount  of  significance  can,  however,  be  attached 
either  to  the  relative  or  absolute  values  of  these  figures;  it 
might  happen  that  experiments  with  more  reagents  or  more 
experiments  with  the  same  reagents  would  change  the  order  of 
the  series.  But  there  is  very  little  probability  that,  except  by 
chance,  the  figures  would  ever  show  even  an  approximate  cor- 
respondence between  the  amount  of  subversion  of  judgment 
and  the  subjective  estimate  of  the  depth  of  distraction. 

As  was  remarked  above,  the  A  =  o  comparisons  show  the 
effects  of  distraction  much  more  strongly  than  the  differences 
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8  and  4,  and  a  more  decided  answer  to  the  question  in  regard  to 
the  correspondence  of  depth  of  distraction  and  subversion  of 
judgment  might  reasonably  be  looked  for  in  these  cases.  The 
following  table  gives  che  increase  (-|-)  or  decrease  (-)  of  the 
distraction  judgments  for  A  =  o  reckoned  in  per  cents  of  the 
undistracted  intervals. 

Table;  VIII. 

Decrease  in  percefitages  of  correct  jjidgnienis   with  distractions  for 
each  reagent  in  A  =  o  comparisons . 


Reagents. 

Differences  in  %  for  the  several  form 
distraction  A  =  0. 

s  of 

L. 

M2 

—79 

Lt   —76 

Ml  —44 

Ad  —40 

Rd  - 

-36 

W. 

Ml 

—47 

Lt    —40 

Rd  -15 

Ad  —  2 

M2 

0 

A. 

M'-i 

—40 

Ml  -33 

Lt    —17 

Ad  -15 

Rd  - 

-14 

S. 

Lt 

—70 

M2  —50 

Ml  -33 

Ad  —32 

Rd 

0 

G. 

Lt 

—62 

Rd  -35 

Ad   —  0 

— 

B. 

Lt 

—25 

Rd  —19 

Ad  —15 

— 

— 

We  have  here  the  somewhat  unexpected  result  that  the  count- 
ing of  metronome  beats  (Mi  and  M2)  which  is  the  least  absorb- 
ing form  of  distraction ,  together  with  the  intonation  of  interesting 
reading  (L,t)  which  is  the  most  absorbing,  seem  to  have  the 
strongest  subverting  effect  on  the  judgments,  whilst  adding 
(Ad)  and  reading  letters  backwards  (Rd)  have  the  weakest. 

From  the  memory  image  standpoint,  it  does  not  add  to  the 
intelligibility  of  the  situation  that  Mi  had  the  strongest,  and 
M2  the  weakest  subverting  effects  on  the  judgments  of  W.  A 
further  consideration  of  these  results  will  occupy  us  in  the 
special  discussion  of  the  A  =  o  judgments;  here  we  have  sim- 
ply to  remark  that  in  the  cases  where  distraction  seemed  to  have 
the  vStrongest  influence,  there  is  no  congruence  between  the 
degree  of  distraction  and  the  subversion  of  judgment. 

The  experiments  with  discrimination  of  interpolated  pairs  of 
clangs  as  distraction  were  carried  out  with  two  reagents  only — 
S.  andB. ,  but  at  a  considerable  length.  Three  (3)  main  norms 
640,  660  and  768  were  used,  and  three  minor  or  distraction  norms 
620,  528  and  880,  for  which  A  also  had  the  values  ±8,  ±4  and 
o.  To  the  10,  20,  30,  40  and  60  second  intervals  were  applied 
respectively  i,  2,  3,  4  and  6  pairs  of  distraction  judgments; 
thus  with  the  interval  of  60  seconds,  after  the  main  norm  came 
6  pairs  of  successive  clangs,  each  pair  of  which  was  to  be  com- 
pared in  respect  to  pitch  and  the  judgment  noted.  Then  came 
the  D  or  main  variable  clang  which  was  to  be  compared  with 
the  first  of  the  series.  The  general  results  of  this  experimenta- 
tion have  already  been  given  in  Table  V;  in  Table  IX  we  give 
the  detailed  results  for  each  time  interval. 
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No.  o/ri^ht,  ivrono;,  like,  and  doubiftd  judgments  for  norms  640,  660, 
768,  ivithout  and  with  distractions  due  to  discriminating  between 
pairs  of  sounds.  For  each  time  intet-val  and  for  each  reagent  40 
judgments  ivith  and  40  judgments  without  distraction.  Differences 
of  main  norm  and  comparison  -^  4  vibrations . 


Reagent  G. 

Reagent  b. 

No 

D. 

D. 

No 

D. 

D. 

r 

w 

Ill 

0 

r 

w 

111 

? 

r 

w 

Ill 

> 

r 

w 

111 

? 

10  sec. 

25 

7 

8 

0 

18 

13 

9 

0 

20 

12 

8 

0 

18 

9 

13 

0 

20  sec. 

23 

II 

6 

0 

23 

6 

II 

0 

21 

12 

6 

I 

23 

10 

7 

0 

30  sec. 

22 

13 

5 

0 

22 

12 

6 

0 

27 

II 

2 

0 

20 

15 

5 

0 

40  sec. 

22 

9 

9 

0 

20 

10 

ID 

0 

21 

15 

4 

0 

17 

10 

i^ 

0 

60  sec. 

21 

12 

7 

0 

22 

9 

9 

0 

22 

13 

5 

0 

18 

II 

II 

0 

Totals, 

113 

52 

35 

0 

105 

50 

45 

0 

III 

63 

25 

I 

96 

55 

49 

0 

Taking  the  'r'  cases  exclusively  we  find  that  G.  lost  with 
distraction,  for  intervals  of  10  and  40  seconds — held  her  own  for 
20  and  30;  and  gained  for  60.  B.  loses  for  all  r  intervals  except 
for  20  seconds.  But  if  we  take  the  decrease  in  wrong  cases  as 
our  guide  we  find  that  G.  loses  twice  with  distraction  and  gains 
3  times, whilst  B.  loses  once  and  gains  4  times.  If  we  distribute 
the  '  like  '  judgments  equally  between  the  right  and  the  wrong, 
we  get  about  an  equal  number  of  right  cases  for  each  reagent 
with  and  without  distraction.  But  it  is  doubtful  if  we  have  any 
right  to  make  any  such  distribution  in  experiments  of  this  kind. 
The  assutnption  on  which  such  a  procedure  rests  is  that  the 
constant  and  variable  errors  are  similar  in  kind  and  in  distribu- 
tion for  the  equal  and  unequal  stimuli,  an  assumption,  which, 
as  has  already  been  shown,  is  far  from  being  correct  for  this 
form  of  comparison.  Beside  the  disproportionate  increase  in 
wrong  cases  in  passing  from  unequal  to  equal  stimuli,  there  is 
to  be  added  a  contradictory  tendency  in  the  like  judgments 
according  as  they  are  applied  to  equal  or  unequal  stimuli. 
G. ,  for  example,  shows  a  tendency  to  underestimate  the  second 
tone  for  objectively  like  cases,  and  to  overestimate  it  when  the 
norm  and  variable  are  unlike.  In  some  of  the  preceding  tables 
the  likes  and  doubtful  judgments  have  been  distributed  be- 
tween the  right  and  wrong  cases,  for  the  .sake  of  comparison 
with  similar  tables  in  other  investigations,  but  the  writer  feels 
that  the  warrant  for  applying  the  general  procedure  in  the 
method  of  right  and  wrong  cases  to  experiments  of  this  kind 
has  yet  to  be  shown. 

The  results  of  the  experiments  with  distraction  reflect  very 
fairly  the  different  opinions  of  different  psychologists  in  regard 
to  the  effects  of  attention  during  the  time  interval.      Wolfe 
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inclines  to  the  belief  that  the  accuracy  of  comparison  depends  in 
great  measure  on  the  exertion  of  attention  during  the  inter- 
val,^ though  he  remarks  cases  where  no  trace  of  the  first  tone 
seems  to  be  present  for  the  attention  to  act  on.  Lehmann,  on 
the  other  hand,  found  that  his  reagents  could  discriminate 
better  between  gray  disks  if  the}'  did  not  concentrate  their 
attention  on  a  memory  image  in  the  interval.^  Hamlin  finds 
that  the  application  of  attention  to  the  first  stimulus  during  the 
interval  is  more  likely  to  distract  than  to  fix  the  fading 
memory  image.  ^  Radoslawowv  concludes  that  a  distraction  of 
of  attention  during  the  time  interval  actually  increases  the 
•'sharpness"  of  memory  for  lines,  and  his  explanation  of  this 
result  is  that  b}'  repeated  reproductions  of  the  norm  the  memory 
for  it  becomes  '  blunted;'  when,  however,  the  mind  is  otherwise 
busied  in  the  interval  of  comparison  the  original  impression 
remains  fresh,  and  its  reproduction  through  the  associative 
action  of  the  second  stimulus  can  take  place  with  greater  ease 
and  accuarc}'/  In  view-  of  this  explanation  it  is  not  going  too 
far  to  say  that  had  Radoslawowv' s  results  shown  an  increase  of 
accuracy  with  attention  directed  to  the  memory  image  of  the 
norm,  the  effect  would  have  referred  to  the  law  of  repetition. 
So  plastic,  to  paraphrase  Clifford,  is  psychological  explanation 
when  it  has  ph^'siologic  clay  for  its  wheel.  But  with  one  form 
of  distraction  in  particular,  Radoslawowv  found  a  marked  de- 
crease in  accuracy,  and  this  was  where  a  line  was  exposed 
shortly  before  the  variable  and  difiering  from  it  by  a  value  not 
far  from  the  liminal  difference.  The  decrease  in  accuracy 
through  the  interpolation  of  this  line,  Radoslawowv  refers  partly 
to  '  mistaken  '  comparisons  of  variable  and  distracting  lines,  and 
partly  to  a  blotting  out  of  the  image  of  the  norm.  As  this 
form  of  distraction  is  analogous  to  that  used  by  us  in  our  last 
series  of  experiments,  it  may  not  be  out  of  place  to  examine 
Radoslawowv's  work  somewhat  in  detail.  Using  2  reagents,  a 
norm  of  30  millimeters,  distraction  distances  varying  from  26 
to  34  mm.  and  a  minimal  change  of  0.5  mm.,  Radoslawowv 
found,  e.  g. ,  that  the  intervening  line  disturbed  the  comparison 
in  the  case  of  reagent  Seyfert,  so  long  as  it  differed  from  the 
norm  by  about  0.8  mm. — the  value  of  the  liminal  difference 
for  the  reagent.  It  cannot,  however,  be  said  that  the  method 
of  minimal  changes  was  used  by  R.  in  a  legitimate  W"ay,  for  the 
'  steps'  of  the  variable  were  anything  but  minimal;  in  the  case 

iphil.  Stud.  Ill,  S.  559. 

2  Phil.  Stud.  V,  S.  127. 

^Alice  J.  Hamlin,  Attention  and  Distraction,  Am.  Jour.  Psy.,  VIII, 

P-  53- 

*  Radoslawowv  Hadji-Denkow,  Unt'sj^'n  ii.  d.  Gedachtniss  f.  raum- 
liche  Distanzen  des  Gesichtsinnes.     Phil.  Stud.  XV,  S.  366. 
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of  reagent  ■\Iobius  (p.  400),  for  example,  in  9  sets  of  experi- 
ments out  of  18  the  minimal  change  was  0.5  mm.,  the  maximal 
diflference  was  0.5  mm.,  and  the  mean  variation  zero,  which 
means  that  the  reagent  noticed  a  change  with  the  very  first 
step  in  half  of  the  experiments,  and  that  this  step  was  noted 
as  "minimal."  In  the  case  of  the  other  reagent,  in  34  sets  of 
experiments  (10  determinations  of  the  liminal  difference  to  an 
experiment)  the  variable  was  moved  4  steps  in  3  sets,  3  steps 
in  16  sets,  and  2  steps  in  15  sets.  This  is  hardly  more  than  a 
travest}'  on  the  method  of  minimal  changes.  Granting  that 
the  method  was  carefully  used,  it  is  hard  to  see  how  the  intro- 
duction of  a  single  line  between  norm  and  variable  could  lead 
to  anything  but  a  series  of  comparisons  .somewhat  after  the 
method  of  mean  gradation.  The  writer  surmises  that  Rado- 
slawowv  would  have  had  fewer  cases  of  mistaken  comparisons 
had  he  used  pairs  of  lines  for  filling  the  time  instead  of  the 
mediating  single  line.  How  this  investigator  distinguishes 
between  ca.ses  of  blotting  out  of  the  norm,  and  false  compari- 
son is  not  clear;  the  evidence  for  it,  so  far  as  we  can  see,  is  de- 
duced from  the  figures  and  is  not  given  by  introspection. 

The  main  conclusion  to  be  drawn  from  the  distraction  experi- 
ments is  that  judgments  of  tone  discriminations  can  take  place, 
and  in  the  majority  of  our  experiments  did  take  place,  without 
conscious  comparLson  between  the  present  sensation  and  a  mem- 
ory-image of  a  past  sensation.  When,  for  example,  a  reagent, 
after  a  long  time-interval  filled  with  interesting  reading,  from 
which  he  had  to  be  practically  arou.sed  b}-  a  sharp  signal  in  order 
to  prepare  himself  for  the  apprehension  of  the  second  tone,  never- 
theless delivered  a  judgment  with  a  feeling  of  considerable 
securit)-,  it  is  idle  to  speak  of  'memory  images'  or  indeed  of 
comparison  in  the  ordinary  meaning  of  the  word.  Or  when  a 
reagent,  after  having  accurately  discriminated  six  pairs  of 
tones,  decided  with  ease  that  a  tone  just  given  is  like  or  unlike 
a  tone  4  vibrations  higher  or  lower  sounded  60  seconds  before, 
and  is  correct  in  these  decisions  63  times  in  100,  it  is  evident  that 
the  ordinary  theories  of  tone  comparisons  need  readjustment. 

No  more  is  it  explicable  on  the  theor}'  of  memory  comparison 
that  there  should  not  have  been  a  great  increase  in  doubtful 
judgments  in  passing  from  undistracted  to  distracted  discrimina- 
tion, or  indeed  in  failures  to  judge  at  all,  or  that  the  several 
forms  of  distraction  should  not  have  shown  a  far  greater  differ- 
ence in  efiect  than  was  actually  the  case.  Both  introspection 
and  the  numerical  results  in  our  work  point  to  the  form  of  dis- 
crimination which  we  may  term  free  judgments  (as  opposed  to 
'bound') — the  kind  commonly  given  in  ordinary  life  when  we 
speak  of  a  heavy  book  or  a  tall  man,  etc.  Martin  and  Miiller 
have  shown  that  such  a  form  of  judgment  existed  in  their  ex- 
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periments  with  weights;^  this  form  of  judgment  they  call 
'absolute,'  but  we  think  the  term  'free'  is  probably  better  for 
psychological  purposes,  being  already  in  use  for  the  phenomena 
of  reproduction.  This  matter  of  free  judgments  we  shall  dis- 
cuss later  in  connection  with  the  consideration  of  the  '  like  ' 
cases.  Meanwhile,  it  may  be  worth  while  to  examine  more 
critically  than  has  so  far  been  the  case,  the  value  of  the  memory- 
image  theory  as  an  explanation  of  discriminative  judgment. 

2.     Memory  Image  Theory  of  Discrimination. 

What  may  be  called  an  authoritative  statement  of  the  memory- 
image  theor}'  is  to  be  found  in  A.  Lehmann's  second  research 
on  Recognition.^  Noting  in  the  comparison  of  two  stimuli,  the 
tendency  to  overestimate  the  second,  he  says:  "In  the  act  of 
comparison  the  second  sensation  is  always  compared  with  the 
memor}^  image  of  the  first,  and  inasmuch  as  the  memory  image 
must  be  fainter  than  the  present  sensation,  the  latter  will  be 
estimated  proportionately  stronger:  i.  e.,  it  will  be  overesti- 
mated. As  the  memory  image  sinks  towards  zero  with  the  in- 
crease of  time  elapsing  between  the  two  sensations,  the  more 
pronounced  will  be  the  overestimation  of  the  second  sensation." 

Lehmann  found,  however,  that  the  theor}'  was  cot  strictly 
confirmed  by  his  own  experiments  on  memory  for  sounds — the 
sound  image,  after  6  seconds,  for  example,  "having  come  back 
almost  to  its  original  strength,  "^  so  he  falls  back  on  the  hypoth- 
esis of  periodic  phases  of  the  memory-image.  The  additional 
contradicting  fact  appearing  in  his  experiments,  of  the  frequent 
underestimation  of  the  second  stimulus,  he  makes  no  attempt 
to  explain,  and  the  details  which  he  gives,  both  in  the  matter 
of  results  and  of  the  conditions  of  experimentation,  are  too 
scanty  to  enable  one  to  form  a  fair  and  intelligent  criticism  of 
the  work.  It  does  not  appear,  however,  that  he  became  aware 
of  these  fluctuating  memory  images  through  introspection,  or 
that  he  made  any  attempt  to  show  them  directly;  as  in  the 
case  of  Wolfe,  their  power  seems  to  have  been  implicitly  inferred 
— on  the  basis,  probably,  of  the  apparently  self-evident  proposi- 
tion, that  a  judgment  involving  comparison  must  come  from  an 
act  of  comparison  in  which  the  things  compared  are  present  in 
consciousness. 

When  we  come  to  extend  the  notion  of  a  vanishing  or  fading 
memory  image  to  other  characteristics  of  sensation  and  espec- 
ially to  qualities  of  sensation,  it  is  not  clear  what  is  meant  by 
fading  or  changing,  and  indeed  we  find  here  a  reflection  of  the 

1  Martin  aud  Miiller.     Anal.  d.  Unt'demp'k't.     vS.  43. 

2  A.  Lehmann:  Krit.  und  experiment.  Studien  ii.  d.  Wiedererken- 
nen.     Phil.  Stud.  VII,  S.  205. 

^Op.  cii.,  S.  207. 
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contradictions  in  respect  to  the  accuracy  of  sensory  memory 
noticed  in  our  first  article.  Thus,  it  has  been  deduced  that  the 
memory  image  of  a  light  sensation  may  fade  either  towards 
black  or  towards  white^  or  tow'ards  a  mean  or  type.^  In  the 
matter  of  memor}^  for  colors  the  question  becomes  more  com- 
plicated. Does  fading  or  growing  dim  here  imply  a  decrease 
in  saturation  or  a  drift  towards  an  adjacent  part  of  the  spectrum  ? 
Does  the  memory  image  for  red  fade  towards  pink  or  cherry, 
or  is  it  towards  orange  or  purple? 

Does  the  memory  image  of  the  first  of  two  successive  tones 
fade  towards  the  high  or  low  end  of  the  tone  series,  or  does  it 
merely  fade  in  intensity  and  so  seem  to  drift  towards  low? 
Turning  to  Table  X  we  find,  for  example,  for  the  last  reagents 

Table  X. 

Distribution  of'like^  (HI),  ^higher''  (h),  'lower''  (1),  and  doubtficl  (?) 

judgments  with  and  without  Distraction  for  reagents 

George  and  Bullock. 


G. 

B. 

Vibrations. 

No  Dis-  i 

risimc-  i 

i>. 

i^ 

No  Dis- 

Distrac- 

k 

V 

h 

1 

traction. 

tion 

cT^ 

s^ 

traction. 

tion. 

0-- 

0^ 

Ill  h  1  ? 

111  h 

1 

D| 

Ill  h  1  ? 

Ill  h  1  ? 

D 

540 

24 

2 

15 

5 

63 

3 

6 
9 

43 

3 
I 

24 
6 
I 

3 

56 

5 

9 

76 

69 

84 
70 

67 
82 
93 

h 

1 

28 
17 

4 

6 
56 

2 

2 
2 

53 

I 

23 
II 

5 

7 

42 

5 

5 

9 

61 

I 

I 

78 
75 
89 

65 

f 
85 

560 

1 

17 
4 
8 

7 

55 

4 

12 
13 
59 

— 

II 

7 
2 

13 

52 

3 

12 

13 

67 

47 
76 

83 

31 
72 
93 

h 

1 

29 
6 

19 

i! 

54 
'3 

6 
12 
50 

— 

24 
7 
9 

8 

55 
6 

4 
8 

55 

— 

81 

75 
69 

67 
79 
79 

576 

h 

1 

18 
5 
4 

9 

49 

3 

9 
18 

65 

— 

7 
5 
5 

7 
42 

14 

22 
25 
53 

50 
68 
90 

19 

58 
74 

27 
3 
5 

6' 
57 
12 

3 
II 

56 

18 

9 

13 

7 

46 

8 

7 
14 
49 

4 
3 
2 

75 
80 

77 

56 
66 
69 

640 

h 
1 

17 

14 

3 

6 

39 

9 

13 
19 
59 

15 
13 
13 

5 
36 
13 

14 
23 
52 

47 
54 
83 

44 
50 
67 

1 

15 

7 
5 

7 
55 
31 

13 
9 

34 

I 

I 

10 

2 
7 

II 
60 
10 

7 
6 

38 

8 

I 
4 

43 
77 
49 

39 
88 
68 
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1 

7 
5 
9 

II 

45 
6 

14 
14 
49 



5 
9 
8 

15 
47 
22 

12 
8 

34 

22 

70 

77 

16 

73 
53 

h 

1 

13 
I 
6 

.1 

10 

10 
8 

47 

I 

17 

5 

II 

12 

53 
24 

3 

6 

26 

I 

41 
86 

74 

53 
83 
43 
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h 

1 

8 
8 
5 

7 
18 

4 

31 



7 
8 

14 

6 
13 

7 

7 
15 
23 

40 
45 
78 

35 
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52 

h 

1 

8 
4 
3 

5 

29 
8 

6 

7 
29 

I 

II 

9 
31 

7 

I 

22 

42 
72 
72 

40 

77 
55 

768 

1 

7 
5 

7 

4 

18 

6 

9 
17 
27 

5 
10 

7 

3 

17 

5 

12 

13 
28 

35 
45 
68 

25 

43 
70 

h 

1 

1  Miinsterberg  :  Psy.  Rev.,  p.  4. 
*Leuba  :  Am.  Jour.  Psy,,  Vol.  V,  p.  382. 
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B.  and  G.  (without  distraction)  that: — 

With  reagent  G. , 

Norm-h  was  judged  "lower"  104  times  or  23%  of  'h.' 
Norm-1  was  judged  "higher"  35  times  or    8%  of  '1.' 
Norm-h  was  judged  "like"  43  times. 
Norm-1  was  judged  "like"  57  times. 

With  reagent  B. , 

Norm-h  was  judged  "lower"  49  times  or  12%  of  'h.' 
Norm-1  was  judged  "higher"  66  times  or  17^  of  '1.' 
Norm-h  was  judged  "like"  38  times. 
Norm-1  was  judged  "like"  42  times. 

In  each  reagent,  therefore,  the  memor)'  image  must  have 
drifted  in  each  direction;  in  the  case  of  G.  with  a  prevailing 
tendency  towards  the  higher  end  of  the  tone  series,  and  with 
B.  tow-ards  [he  lower  end, — both  reagents  being  wholly  unaware 
of  these  processes.  Now  the  nature  of  tone  stimuli  is  such 
that  we  cannot  adopt  the  elastic  explanation  advanced  by  Miin- 
sterberg  in  explaining  similar  results  with  shades  of  gray,  i.  e., 
that  the  memory  image  faded  either  w^ay  acc(^rding  to  the  posi- 
tiveuess  of  the  impression — a  light  shade  being  more  positive 
for  some  reagents,  and  a  dark  .shade  for  others.  For  in  the 
series  of  tones  judged  by  these  reagents,  reaching  from  540  to 
768  vibrations,  it  can  hardly  be  said  that  one  tone  was  more 
'  positive '  than  another,  nor  in  the  series  of  tone  sensations  is 
there  the  analogue  of  the  assimilative  and  dissimilative  processes 
which  makes  pos.sible  such  an  explanation  as  Miinsterberg's. 
But  according  to  the  memor5'-image  theory  the  above  figures 
would  indicate: — 

I  °  That  the  memory  image  for  G.  faded  more  stronglj-  towards 
'low,'  and  for  B.  more  strongly  towards  'high.' 

2°  That  the  memory  image  of  G.  acquired  such  an  impetus 
in  fading,  so  to  speak,  as  carried  it  beyond  the  region  of  'like- 
ness '  more  often  than  merely  up  to  this  region. 

3°  That  the  memor}-  image  of  G.  had  different  and  opposing 
tendencies  of  fading  according  as  the  variable  was  like  or  unlike 
the  norm. 

An  obvious  explanation  of  the  above  figures  is  that  G.  simply 
miscalls  perceived  differences;  he  perceives  the  difference  '  norm- 
high  '  but  calls  it  'lower.'  But,  as  against  this,  in  cases  where 
we  should  expect  to  find  any  such  tendency  most  pronounced — 
i.  e.,  in  perceived  differences  of  objectively  like  cases,  the  ten- 
dency, so  far  as  it  exists  at  all,  is  rather  in  the  other  direction. 
A  discussion  of  this  question  will  occupy  us  later  on. 

It  may  be  said,  and  has  been  said,  that  the  memorj^  image 
neither  increases  nor  decreases  in  size  or  intensity,  nor  changes 
in  qualit}',  but  simplj'  becomes  dim  and  indistinct.  If  any 
intelligible  meaning  is  to  be  given  to  these  words,  the  result  of 
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this  growth  iu  dimness  and  indistinctness  would  not  be  a  larger 
liminal  difference  for  the  method  of  minimal  changes,  or  a 
greater  number  of  wrong  judgments  for  the  method  of  right 
and  wrong  cases,  but  rather  a  greater  mean  variation  in  the 
former  method,  and  an  increase  in  doubtful  cases  in  the  latter, 
and  in  both  methods  an  increase  in  failures  to  judge  at  all. 

Our  tables,  however,  show  no  such  result ;  L.  who  is  the 
most  accurate  and  S.  the  least  accurate  in  judging  objective 
differences,  have  the  smallest  number  of  doubtful  cases.  With 
A. ,  who  used  the  '  doubtful '  category  more  t)fien  than  any- 
other  reagent,  we  find,  indeed,  that  the  maximum  number  of 
"doubtful"  judgments  is  with  the  6o-second  interval,  but 
on  the  other  hand  the  3-  and  5-second  intervals  together  evoke 
more  doubtful  judgments  (12)  than  30  and  40  seconds  taken 
together  (9). 

Perhaps  the  simplest  conditions  for  discussing  this  question 
are  to  be  found  in  the  case  of  toneless  sounds,  such  as  are 
given  by  the  sound-pendulum,  or  better  the  fall-phonometer 
used  b)'  Starke  in  his  experiments  on  the  measurement  of  sound 
intensities.^  Starke  bases  his  explanation  of  the  different  results 
obtained  in  the  time  order  on  the  fading  memory  image.  ' '  If 
the  judgment  is  given,"  he  says,  "immediately  after  the 
impression  of  the  second  stimulus,  the  latter  will  be  per- 
ceived in  its  immediate  intensity,  whereas  the  first  sound  being 
merel}'  in  the  field  of  consciousness,  can  be  compared  only  as 
a  memory  image  with  the  second.  But  inasmuch  as  the 
memory  image  of  weaker  intensity  as  compared  with  the  im- 
mediate impression,  the  influence  of  -the  time  order  must 
show  itself  in  the  over-estimation  of  the  second  sound. ^" 
Turning  to  Starke's  tables  we  find  an  extraordinary  difference 
in  the  figures  of  the  two  time  orders.  Starting  with  positive  or 
negative  supraliminal  differences  Starke  pushed  the  variable 
along,  step  by  step,  through  the  region  of  like  judgments  until  a 
liminal  difference  was  noted.  Taking  an  '  ascending'  variable, 
where  the  variable,  at  first  noticeabl}'  weaker  than  the  norm, 
is  increased  till  it  is  like  the  norm,  we  find  for  three  norms  in 
the  middle  of  the  series  investigated,  the  following  differences 


Intensity  of  Variable  appearing  like  Norm  (mm.) 

Intensity  of 
Norm(mm.) 

Reagent  Lt. 

Reagent  Lz. 

Time  order 
N — Variable 

Time  order 
V — Norm. 

Time  order 
N — Variable 

Time  order 
V — Norm. 

200 
300 
400 

85 
176 

253 

209 

344 
408 

87 
137 
212 

223 
316 
417 

1  Starke,  Die  Messung  v.  Schallstarken,  Phil.  Stud.  Ill,  S.  262. 
'^  Ibid.,  S.  290. 
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in  time  order/  From  the  above  table  we  are  to  infer,  therefore, 
that  the  memory  image  faded  with  such  great  rapidity  in  the 
time  order  norm-variable  that  the  sound  of  a  ball  falling  200 
mm.  appeared  no  stronger  after  an  interval  of  less  than  one 
second  than  that  of  the  succeeding  ball  falling  85  mm.,  i.  <?. , 
the  first  sound  must  have  lost  about  57%  of  its  original  intensity. 
It  further  appears  that  when  the  time  order  variable-norm 
was  used,  the  first  sound  faded  comparatively  slowly — so  slowly 
that  at  the  end  of  the  time  interval  the  variable  209  appeared 
like  the  norm  200;  i.  e.,  the  variable  had  'faded'  only  to  the 
extent  of  less  than  5%  of  the  norm.  It  might  be  said  that  in 
the  second  case  the  attention  was  directed  more  closely  to  the 
variable,  /.  e.,  the  first  sound — than  to  the  norm,  and  that  there- 
fore the  former  was  held  more  strongly  in  the  focus  of  con- 
sciousness. Martin  and  Miiller  have  shown  in  experiments 
with  '  hefted  '  weights,  that  a  change  in  the  direction  of  atten- 
tion from  the  second  to  the  first  stimulus  changes  the  tendency 
of  judgments,^  and  it  is  not  to  be  denied  that  some  such  influ- 
ence may  have  been  in  play  here,  though  it  is  not  probable  that 
the  change  of  attention  would  have  effected  so  great  a  differ- 
ence as  is  indicated  by  the  above  figures.  Starke  himself  gives 
no  account  of  the  attitude  of  his  reagents  in  the  two  time 
orders,  or  indeed  whether  they  were  aware  of  the  change  in 
order,  but  in  the  figures  which  show  the  results  of  the  descend- 
ing gradations,  i.  e.,  of  the  decreasing  variable — we  find  con- 
clusive evidence  that  the  discrepancy  in  '  fading '  in  the  two 
time  orders  is  not  due  to  a  change  in  the  direction  of  attention. 
From  the  same  tables  that  gave  the  preceding  figures,  we 
take  the  results  which  Starke  found  by  starting  the  variable 
somewhat  louder  than  the  norm,  and  then  decreasing  it  till 
it  appeared  like  the  norm. 


Intensity  of  Variable  appearing  like  Norm  (mm.) 

Intensity  of 

Reagent  Lt. 

Reagent  Lz. 

Norm(mm.) 

Time  order 
N — Variable 

Time  order 
V — Norm. 

Time  order 
N — Variable 

Time  order 
V — Norm. 

200 
300 
400 

169 
279 
374 

394 
578 
747 

160 
256 
352 

387 
582 

744 

In  the  case  of  reagent  I^t.  ' '  like ' '  for  a  norm  of  200  was 
reached  at  a  height  of  169 — indicating  a  comparatively  small 
amount  of  fading.  With  the  variable  coming  first,  however, 
"  like  "  for  the  same  norm  200  is  reached  at  a  height  of  394 — 


2  Martin  and  Miiller  :    Analyse  der  Empfiudlichkeit. 


S.  185-196. 
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a  loss  in  iuteusit}' according  to  the  hypothesis  of  97%  of  the 
norm,  so  that  in  this  case,  if  the  attention  was  directed  chiefly 
to  the  variable,  it  only  served  to  accelerate  its  fading. 

In  strong  contrast  with  Starke's  resnlts  Kampfe^  found  a  very 
small  time  error  for  each  of  his  two  reagents.  Moreover,  whilst 
one  reagent  generally  overestimated  the  second  sound,  the 
other  underestimated  it.  Like  Starke,  Kampfe  worked  with 
toneless  sounds,  though  produced  bj'  the  sound  pendulum  and 
not  by  the  sound  phonometer.  Both  investigations  were  carried 
out  in  the  same  room,  and  according  to  the  memor}'  image 
theory  should  have  produced  similar  results.  Kampfe  states  the 
memory-image  theory  of  the  time  error  and  suggests  that  the 
results,  contradictory  of  the  theor}^  may  have  been  due  to  a 
strong  fixation  of  the  first  sound. ^  He  lays  no  weight  on  the  ex- 
planation, however,  but  points  out  that  the  contradiction  exists, 
and  that  the  further  discrepancy  in  his  own  judgments,  where 
he  passes  from  under  to  overestimation  of  the  sec<nid  stimuli,  is 
not  in  disagreement  with  Fechner's  experiments.^  It  was  also 
found  in  the  experiment  on  the  method  of  mean  gradations 
alluded  to  above  (p.  61 ,  note)  that  the  two  reagents  showed  con- 
trary tendencies  in  estimating  the  position  of  the  middle  stimu- 
lus in  the  two  time  orders. 

In  the  method  of  mean  gradation  or  supraliminal  differences, 
more  perhaps  than  elsewhere,  any  theory  of  the  comparison  of 
impressions  by  means  of  the  v/axing  or  waning  memory'  images 
becomes  a  tangle  of  absurdities.  According  to  such  a  theory, 
in  comparing  three  successive  impressions,  a,  b,  and  c,  we  hold 

Note.  The  explanation  of  the  above  discrepancies  is  to  be  found  in 
a  complication  of  factors  which  have  themselves  become  subjects  of 
psychological  investigation,  but  which  at  the  time  these  experiments 
were  carried  out  [1883-1889]  were  hardly  surmised.  The  influence  of 
two  of  these  factors,  /.  e.,  the  point  of  departure  of  the  variable,  and 
the  size  of  the  steps  in  a  gradation  method  were  subsequently  pointed 
out  by  the  writer,  working  under  the  same  experimental  conditions  as 
obtained  in  Starke's  lesearch.  [F.  Angell.  Unt.  u.  d.  Schatzung  von 
Schallintensitaten,  etc.  Phil.  Stud.  VIII,  S.  446-44S.]  Starke's  tables 
give  the  impression  that  the  point  of  departure  for  the  variable,  and 
the  size  of  the  '  steps  '  were  closely  proportional  to  the  value  of  each 
norm  used — conditions  which  would  result  in  about  the  same  number 
of  judgments  for  all  values  of  the  norm.  The  writer  would  not  here 
be  understood  as  implying  that  such  a  procedure  would  invalidate 
Starke's  results  either  as  regards  Weber's  law,  or  the  proportionality 
of  sound  intensity  and  height  of  fall,  but  it  is  to  be  inferred  that  the 
liminal  values  obtained  by  Starke  (8  to  9  %  of  norm),  hold  good  only 
for  the  particular  conditions  under  which  the  experiments  were  per- 
formed. 

1  Kampfe  :  Beit.  z.  exp.   Priif.  d.  Meth.  d.  r.  und  f.  Falle.   Phil.  Shid. 
VIII.  S.  562. 
'^Ibid.,  S.583. 
^Fechner:  Psychophysik,  I,  S.  90. 
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a  and  b  first  as  memory  images  till  c  comes  along,  and  then  we 
compare  the  'distance'  a-b  with  b-c.  In  the  first  place  there 
appears  no  reason  why  the  memory-images  of  a  and  b  should 
not  coalesce;  as  they  are  supposed  to  exist  simultaneously  in 
the  mind,  they  must  coalesce.  Supposing,  however,  they 
could  be  kept  apart,  we  find  that  we  have  to  compare  the  'dis- 
tance' a-b  with  b-c,  when  a-b  is  the  distance  between  a  remote 
and  a  near  memory  image,  and  b-c  the  distance  between  a  near 
memory  image  and  a  present  sensation.  ^  But  of  all  this  complicated 
comparison  of  central  and  peripheral  sensations,  but  little  trace 
is  to  be  found  either  by  way  of  inference  from  the  figures  of  the 
different  time  intervals,  or  directly  from  introspection.  When 
three  successive  sounds,  a,  b,  and  c,  are  given  at  short  intervals 
and  b  is  judged  'nearer'  a  than  c,  the  sound  c  seems  in  the 
moment  of  judgment  no  less  a  perception  and  no  more  a  memory 
image  than  a — introspection  usually  failing  to  find  any  trace  of 
imagery  except  perhaps  a  more  or  less  disturbing  visual  scheme 
of  the  'distances.'^ 

^Op.  cit.,  S.  463. 

-The  term  'distance'  is,  of  course,  a  figurative  way  of  expressing 
degree  of  likeness  or  similarity.  If  the  sounds  a,  b,  and  c  are  given, 
a  and  b  coming  from  stimuli  which  are  much  nearer  together  than  b 
and  c,  then  we  '  judge '  that  b  is  more  like  a  in  respect  to  intensity  than 
like  c,  or  figuratively,  that  the  '  distance'  a-b  is  less  than  b-c.  It  is  to 
be  observed  that  such  a  judgment  can  be  given  directly  and  imme- 
diately, without  training  and  without  reflection,  by  any  one,  child  or 
adult,  who  is  capable  of  discriminating  between  the  sounds  and  hold- 
ing them  in  mind.  When,  however,  b  moves  towards  c  the  difficulty 
in  delivering  a  judgment  increases,  until  it  becomes  exceedingly  hard 
to  say  whether  b  is  nearer  a  or  c,  or  equidistant  from  both.  This  is  a 
difficulty  which  is  inherent  in  all  psychophysical  measurements  and 
is  not  to  be  overcome  either  by  experience  or  by  reflection. 

But  besides  this  direct  and  so  to  speak,  natural  way  of  comparing 
three  successive  stimuli,  Julius  Merkel,  in  order  to  explain  the  discrep- 
ancy between  his  results  and  my  own,  has  attributed  to  the  reagents 
of  my  experiments,  a  power  of  comparing  the  several  impressions 
according  to  their  ratios,  and  this  comparison  according  to  ratio 
[Verhaltniss]  plays  a  most  unimportant  part  in  general  in  his  expla- 
nation of  results  obtained  by  the  method  of  mean  gradations.  Now 
it  is  obvious  that  the  reagents  could  have  given  themselves  over  to 
comparing  the  three  stimuli  according  to  the  arithmetical  mean,  geo- 
metrical mean,  the  golden  mean,  or  any  other  ratio  which  they  could 
have  held  in  mind  ;  but  if  introspection  has  any  value  as  evidence,  they 
did  not.  They  started  out  in  a  series  of  experiments  with  the  judg- 
ment that  b,  e.  g.,  was  more  like  a  in  respect  to  intensity  than  like  c; 
this  is  a  direct  and  primary  relation  of  similarity,  and  has  no  more  to 
do  with  a  comparison  of  intensity  ratios  than  has  the  judgment  that 
peaches  taste  more  like  apricots  than  like  plums.  In  other  compari- 
sons, b  seemed  more  like  c  than  like  a,  and  in  some  cases  the  reagents 
could  not  say  whether  b  was  more  like  c  or  like  a  in  respect  to  loud- 
ness or  intensity.  Sometimes,  not  often,  they  had  the  conviction  that 
b  resembled  a  in  respect  to  intensity  just  as  much  as  it  resembled  c,  or 
figuratively,  that  b  was  midway  between  a  and  c.     These  are  the  plain 
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In  Bentley's^  work  on  the  optical  memory  image,  the  image 
was  voluntarily  produced  as  far  as  possible  after  a  signal  given 
just  before  the  variable  was  exposed — the  purpose  of  the  re- 
search being  an  investigation  of  the  qualitative  '  fidelity  '  of  the 
voluntaril)'  aroused  central  ideas.  But  even  under  these  con- 
ditions it  was  found  that  'free'  judgments,  i.  e.,  judgments 
in  which  introspection  failed  to  find  a  trace  of  comparison  with 
a  memory  image,  were  given  quickl}^  and  with  a  feeling  of  con- 
siderable security.  The  memorj^  image  itself  Bentley  found 
more  easil)^  producible  at  the  end  of  five  minutes  than  of  one 
minute. 

In  Radoslawowv's  investigation  on  memory  for  lines  we  find 
a  good  example  of  the  ela.sticity  of  the  memory-image  theory. 
In  the  earlier  part  of  Radoslawowv's  extended  research  he  as- 
serts, very  emphatically,  that  it  is  impossible  for  the  attention  to 
be  directed  during  the  time  interval  to  the  memory  image,  as  the 
image  is  rarely  present,  and  when  present,  is  indistinct.^  But 
further  on,  as  has  been  already  remarked  (p.  68),  we  find  R.  ex- 
plaining the  more  accurate  results  obtained  when  the  time  inter- 
vals were  filled  with  some  distracting  occupation ,  on  the  hypothesis 

facts  in  the  case,  and  if  Merkel  desires  to  call  this  way  of  comparing, 
a  comparison  by  ratios,  he  is  of  course  free  to  do  so.  But  if  by  this  he 
means  that  the  reagents  tried  to  compare  the  stimuli  in  such  a  way 
that  a  should  be  to  b,  as  b  to  c,  I  am  bound  to  say,  first,  that  the 
reagents  gave  themselves  over  to  no  such  artificial  scheme,  and  sec- 
ondly, had  they  done  so  the  results  could  not  have  been  regarded  as 
valid  any  more  than  Merkel's  own  results  with  his  method  of  double 
stimuli — and  for  the  same  reason, — they  would  have  been  the  outcome 
of  reflection  and  inference  from  experieucfe.  As  regards  Merkel's 
remarkable  assertion  that  I  found  the  geometrical  mean  of  the  stimuli 
because  I  had  to  find  it  {Phil.  Stud.  X,  S.  212),  I  am  free  to  say  that 
beyond  a  slight  weakness  for  the  arithmetical  mean  because  it  is  easier 
to  calculate,  I  find  in  myself  no  marked  tendency  towards  either  mean — 
assuredly  no  such  compulsive  force  as  would  have  driven  me  for  about 
2  years  through  the  not  highly  exhilarating  exercise  of  dropping  ivory 
balls  on  ebony  plates  in  a  hunt  for  a  geometric  mean.  Why,  if  Merkel 
felt  that  from  the  first  the  work  was  predestined  to  the  state  of  the  geo- 
metric mean,  he  should  have  given  so  many  pages  to  combating  it,  is 
not  clear  to  me.  Inasmuch  as  Merkel's  objections  are  partly  errors  of 
comprehension,  and  mostly  matters  of  small  psychological  moment, 
I  have  not  thought  that  psychological  research  would  be  benefited 
by  a  detailed  discussion  of  them.  The  main  question  at  issue  in  the 
controversy  is  one  of  method,  and  to  such  psychologists  as  have  the 
patience  to  wade  their  way  through  Merkel's  investigations  and  my 
own,  I  am  more  than  willing  to  leave  the  decision  as  to  the  way  in  which 
trustworthy  results  are  more  likely  to  be  obtained — from  a  series  of 
regularly  graded  stimuli  which  the  experimenter  presents  to  himself 
as  reagent,  or  by  an  irregular  series  presented  to  reagents  who  have  no 
knowledge  either  of  the  objective  value  of  the  stimuli,  or  of  the  trend 
of  results. 

1  Bentley:  The  Memory  Image  and  its  Qualitative  Fidelity,  Avi. 
four.  Psy.,  XI,  p.  i. 

2<9/.  «V.,  S.  355- 
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that  during  the  empt}'  intervals  the  memory  was  'dulled'  b}'-  the 
incessant  reproduction  of  the  normal  line,  just  as  the  memory 
image  of  a  face  fades  the  more,  the  longer  the  attention  is  di- 
rected to  it/  On  p.  396  again,we  find  that  the  inaccuracy  result- 
ing from  introducing  a  distracting  line  between  norm  and  varia- 
ble is  referred  to  the  expunging  of  the  memory-image  of  the 
norm  by  the  intermediate  line.  In  general,  however,  in  these 
experiments  of  Radoslawowv,  the  writer  is  of  the  opinion  that 
what  has  been  investigated  is  not  the  'sharpness'  of  memory  for 
lines  but  rather  the  accuracy  of  comparison  under  circumstances 
of  increasing  difficulty,  i.  e.,  increased  intervals  of  time.  For 
in  the  table  which  give  the  results  of  R.'s  experiments  with  the 
method  of  minimal  changes,  we  find  that  two  of  the  three 
reagents  (F.  and  H.)  showed  an  increase  in  liminal  difference 
values  for  the  upper  liraina,  for  an  increase  in  time  interval, 
but  failed  to  show  any  corresponding  increase  in  the  mean  varia- 
tion; in  both  cases  the  mean  variation  indicated  small  and 
irregular  fluctuations.  We  are  able  to  form  no  intelligible 
theory  of  comparison  through  an  act  of  memory  which  would 
explain  such  figures;  waxing  or  waning,  fading  or  brightening 
of  the  first  impression  would  all  have  given  different  results 
from  the  above.  But  similar  results  could  have  been  obtained 
had  the  reagents  compared  simultaneously  lines  placed  at  in- 
creasing distances  from  one  another.  In  such  a  case  the  liminal 
differences  would  have  increased  with  the  increase  in  distances 
between  the  lines  exposed;  and  had  the  reagents  waited  till 
they  felt  the  same  degree  of  security  for  each  liminal  difference, 
the  result  would  have  a  small  and  irregular  fluctuation  in  the 
mean  variation.  They  might,  however,  have  recorded  their  first 
more  or  less  insecure  impression  of  a  liminal  difference;  in  this 
case  the  liminal  value  would  not  show  much  growth,  but  the 
mean  variation  would  increa.se  with  the  difficulty  in  compari- 
son. This  condition  actually  obtains  in  the  lower  liminal  values 
for  the  two  reagents  F.  and  E.  The  writer  regards  this  only  as 
a  possible  explanation  of  these  contradictor}^  results;  but  the 
conventional  scheme  of  memory  comparison  is  here  impossible. 
Experimenting  on  himself  and  using  the  method  of  right  and 
wrong  cases,  Radoslawowv  found  in  general  a  decrease  in  right 
judgments  along  with  increase  in  time  interval;  for  the  time 
intervals  running  from  i  sec.  to  13  sec.  the  decrease  in  right 
judgments  was  65.3  to  46.3%.-^  For  the  same  range  of  time 
intervals,  i.  e.,  i  to  15  seconds,  Wreschner,  using  an  irregular 
method  of  minimal  changes,  found  little  or  no  falling  off"  in 
sensitiveness  to  differences  for  linear  distances.^  So  far  as  such 
results  concern  the  conventional  scheme  of  sensory  memory 

Wbid.,  S.  366. 

2<9/.  «7.,  S.339. 

^Wreschner:  Meth.  Beit.  z.  psychophys.     Messungen,  S.  231. 
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they  are,  of  course,  contradictory,  but  so  far  as  the}^  indicate 
the  varying  influences  of  different  psychophysical  methods  they 
are  in  themselves  interesting  subjects  for  psychological  investi- 
gation. 

The  writer  has  gone  at  some  length  into  the  memory-image 
theory  of  comparison  because  he  considers  that  it  has  had  au 
exceedingly  harmful  influence  on  psychological  research.  As 
Kiilpe  says  :^  "  It  is  remarkable  that  this  theory  should  have 
maintained  itself  up  to  the  present  time,  whilst  the  contra- 
diction in  which  it  involves  the  facts  of  experience,  as  well  as 
any  consistent  explanation  of  these  facts,  have  rarely  been 
noticed."  It  was  unfortunately  launched  with  all  the  impetus 
that  comes  from  Fechner's  authority,  though  Fechner  seemed 
well  aware  of  its  contradictions,  and  it  still  continues  to  glide 
along  over  logical  inconsistencies  and  psychological  absurdities. 
Its  powers  of  adaptation  are  shown  in  Wreschner's  argument 
against  Kiilpe  that  although  we  are  not  aware  of  the  presence  of 
the  memory  image  of  the  earlier  impression  in  au  act  of  com- 
parison, "still  the  first  impression  can  be  regarded  as  arti- 
ficially held  in  remembrance  and  passing  over  into  the  second, 
when  it  undergoes  a  change  which  can  be  regarded  as  the 
source  of  the  time  error. ^"  If  it  be  objected  that  in  this  article, 
the  fading  or  waning  of  the  memory  image  has  been  interpreted 
in  too  much  of  a  physical  sense,  it  is  to  be  replied,  that  this 
is  precisely  the  trouble  with  the  theory — it  is  a  concept  derived 
from  physical  processes  with  physical  implications  on  which 
have  been  grafted  the  determinations  , of  the  psychophysical 
measurements,  the  outcome  of  which  has  been  barren  of  all  re- 
sults for  psychology. 

An  example  of  what  an  elastic  memory-image  theory  with 
physical  implications  can  accomplish  is  to  be  seen  in  Warren 
and  Shaw's  "  Memory  for  square  size'"  in  which  we  find  not 
only  a  fading  memory  image,  but  a  play  of  imagination  images 
taking  place  according  to  the  laws  of  chance,  and  under  the 
dominating  influence  of  Weber's  law — which  process  goes  on 
until  the  '  average  imagination  image  '  usurps  the  function  of  the 
memory  image  and  brings  about  an  overestimation  of  the  norm. 
But  of  all  this  complication  of  waxing  and  waning,  of  fading 
and  brightening  of  memory  images,  introspection  has  found 
but  scanty  trace,  and  when  as  in  the  case  of  optical  stimuli 
the  memory  image  occasionally  appears,  it  has  yet  to  be  shown 
that  it  increases  the  accuracy  of  comparison  in  so-called  memory 
experiments  any  more  than  the  possession  of  an  absolute 
memory  for  pitch  increases  discriminative  sensibility  for  tones.* 

1  Kiilpe:  Phil.  Monatsh.,  XXX,  S.  282. 

'^Op.  cit.,  S.  173. 

^Psy.  Rev.  II,  p.  241-243. 

*Vid.  V.  Kries,  Ueb.  d.  absolut.  Gehor,  Z.  f.  Psy.  Ill,  S.  262. 
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Introduction. 

Despite  the  important  role  which  it  plays  in  the  mental  life, 
language  has,  until  recently,  received  but  scant  attention  from 
the  psychologist.  While  all  have  recognized  the  significance 
of  language  both  as  a  medium  for  the  transmission  of  expe- 
rience,^ and  as  the  precondition  of  the  higher  'intellectual' 
processes,^  very  few  have  attempted  a  detailed  analysis  of  the 
verbal  idea,  and  onlj^  within  a  few  years  has  the  psychophj'sics 
of  verbal  expression  and  verbal  perception  been  adequately 
exploited.  It  is  true  that  some  of  the  Herbartians,  especially 
Lazarus'  and  Steinthal,*  have  given  the  discussion  of  language 
an  important  place  in  their  psychological  systems,  and  it  is 
true  that  the  English  school^Hartle}^,^  Locke, ^  and  James 
MilP  in  particular — have  made  much  of  the  function  of  the 
word  in  conceptual  thought.  But  the  Herbartian  treatment 
of  language  was  limited  to  the  part  which  verbal  symbols 
played  as  the  condensed  representatives  of  the  Herbartian 
'  Ideas ;  '  and  the  English  treatment  of  language  belongs 
rather  to  logic  and  epistemology  than  to  psychology.     In  the 

^Wundt,  W  :   Grundziige  der  physiologischen  Psychologie.  Leipzig, 

1893,  Vol.  II,  pp.  610  ff.  James,  W.  :  Principles  of  Psychology.  N. 
Y.,  1900,  Vol.  II,  pp.  356-358.  Hoefler,  A.  :  Psychologie.  Wien  und 
Prag,  1897,  pp.  537  ff. 

^Ladd,   G.   T.  :    Psycholog}',   Descriptive  and   Explanatory.  N.  Y., 

1894,  pp.   379  ff.     Sully:    Outlines  of  Psychology.   Loudon,   1885,  pp. 

337  ^^ 

2  Lazarus,  M. :    Das  Leben  der  Seele.    Berlin,  1878,  pp.  213  ff. 

*Steinthal,  H.  :  Einleitung  in  die  Psychologie  und  Sprachwissen- 
chaft.     Berlin,  1881,  pp.  290  ff. 

^  Hartlev,  D.  :  Observations  on  Man,  4th  ed.  London,  1801,  pp. 
268  ff. 

^  Locke,  J.  :  An  Essay  Concerning  the  Human  Understanding.  Ox- 
ford, 1894,  Vol.  II,  Book  iii. 

"Mill,  J.  :  Analysis  of  the  Phenomena  of  the  Human  Mind.  2d 
ed.     London,  1878,  pp.  127  ff. 
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earlier  literature  of  the  experimental  school,  the  phenomena 
of  language  are  strangely  neglected.  The  early  studies  on 
the  association  of  ideas  used  the  word  as  a  convenient  instru- 
ment of  experimentation,  and  the  related  work  upon  reaction 
times  involved  many  of  the  psychological  and  physiological 
principles  of  vocal  expression  as  well  as  the  psychophysics 
of  symbolic  perception ;  but  in  neither  of  these  instances 
was  language  the  primary  interest.  And  yet,  notwithstanding 
this  early  neglect,  there  has  within  the  past  decade  been  a 
very  promising  growth  of  monographic  literature  devoted 
solely  to  the  psychophysics  of  language  as  such.  If  this 
growth  coutinues  at  its  present  rate,  the  time  will  come 
within  a  very  few  years  when  this  literature,  together  with  the 
philological  and  pathological  studies  bearing  upon  the  same 
problems,  must  be  condensed  and  classified  into  a  true  psy- 
chology of  language.  The  time  is,  of  course,  not  yet  ripe  for 
such  a  systematic  treatment,  but  in  lieu  of  the  guide  which  it 
would  afford,  the  following  very  brief  enumeration  of  the  fields 
which  such  a  compendium  must  cover  maj^  serve  to  introduce 
our  own  problem,  and  to  give  it  the  advantage  of  an  orienta- 
tion which,  even  if  tentative  and  inadequate,  will  at  least  be 
logical. 

The  general  psychology  of  language  divides  itself  logically 
into  two  great  sections  :  ( i )  the  psychology  of  language 
considered  as  the  preconditioning  mechanism  of  the  higher 
mental  processes;  and  (2)  the  psychology  of  language  con- 
sidered as  the  medium  of  communication,  through  the  agency 
of  which  experience  is  transmitted  from  individual  to  individ- 
ual. To  the  first  section  belong  the  introspective  studies  and 
analyses  of  the  verbal  ide&,  its  composition  in  terms  of  sense- 
modalities  and  its  function  in  '  thought.'  The  monographs  of 
Strieker^  and  of  Raymond  Dodge ^  are  examples  of  the  work 
which  will  fall  under  this  rubric.  The  second  section  includes 
the  great  mass  of  material  which  deals  with  word-perception, 
the  psychological  unit  in  reading,  speech  development,  and  the 
phenomena  of  aphasia,  all  of  which  will  fall  within  one  or 
other  of  two  subsections :  (a)  the  psychology  of  symbolic 
expression ;  and  (b)  the  psychology  of  symbolic  interpreta- 
tion. 

The  former  subsection  deals  with  the  conscious  processes 
that  are  correlated  with  the  expression  of  symbols,  either  by 
gesture,  by  manual  signs,  by  writing  or  by  speech.  It  is 
manifestly  a  department  of  the  psychology  of  action,  but  its 
problems  have  hitherto  been  treated  mainly  by  the  genetic  or 

^Strieker,  S.  :     Studien  uber  die  Sprachvorstellungen.     Wien,  1880. 
2  Dodge,  R.:     Die  motorische  Wortvorstellungen.     Halle  Disserta- 
tion, 1896. 
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by  the  pathological  method.  Among  the  genetic  studies  of 
expression,  the  work  of  Baldwin/  Prej^er/  Perez, ^  Schultze,* 
Noble/  Kirkpatrick/  Trac\'/  and  Lukens^  furnishes  valuable 
data  regarding  the  ontogenesis  of  speech.  These  data  must, 
of  course,  be  verified  and  supplemented  by  further  observa- 
tions, and  finally  interpreted  in  the  light  of  some  compre- 
hensive theory  of  mental  development.  In  connection  with 
the  pathology  of  expression,  the  work  of  Wernicke,  Grashey, 
Lichtheim,  Freud,  Hughlings-Jackson,  Kussmaul,  Exner, 
Charcot,  Dejerine,  Bastian,  Starr,  and  Elder  is  too  well  known 
to  require  especial  mention.  Many  of  the  monographs  are 
alreadj'  classics  in  the  literature  of  psj-chiatry.  A  general 
summary  of  their  results,  however,  interpreted  from  a  psycho- 
logical rather  than  from  a  clinical  standpoint,  has  long  been 
wanting.  Perhaps  the  most  satisfactory  attempt  to  fill  this 
want  is  represented  by  Joseph  Collins' s  recent  work.^  Baw- 
den's  monograph,-"^  dealing  as  it  does  with  the  border-line 
between  normal  and  abnormal  expression,  will  also  find  its 
place  in  this  subsection. 

The  latter  subsection — the  p.sychology  of  symbolic  interpre- 
tation— deals  with  the  conscious  processes  that  are  correlated 
with  the  perception  of  symbols  and  the  apperception  of  their 
meaning.  It  is  to  this  chapter  of  the  psychology  of  language 
that  the  present  study  belongs.  It  represents  an  attempt  to 
determine  the  nature  and  relations  of  the  factors  which  are  in- 
volved in  the  perception  of  spoken  symbols  and  in  the  apper- 
ception of  their  meaning.  Inasmuch,  however,  as  the  study 
was  suggested  by  recent  investigations  upon  the  psychophysics 
of  visual  perception,  a  general  discussion  of  the  factors  in- 
volved in  any  form  of  symbolic  perception,  as  well  as  a  brief 
review  of  these  other  investigations,  will  not  be  out  of  place. 

If  we  consider  symbols  apart  from  their  '  meaning  '  and  look 

1  Baldwin,  J.  M. :     Mental  Development  in  the  Child  and  the  Race. 

2Preyer:  Mind  of  the  Child.  Traus.  Brown.  N.  Y.,  1888.  Mental 
Development  of  the  Child.     Trans.  Brown.     N.  Y.,  1893. 

3  Perez,  B.  :  The  First  Three  Years  of  Childhood.  Trans.  A.  M. 
Cristie.     Chicago,  1895. 

*  Schultze,  F.  :     Die  Sprache  des  Kindes.     Leipzig,  1880. 

^  Noble,  E.  :  Child-Speech  and  the  Law  of  Mispronunciation. 
Education^  Sept.  and  Oct.,  1898. 

•^  Kirkpatrick,  E.  A.  :  How  Children  Learn  to  Talk,  etc.  Science, 
Sept.,  1891. 

"Tracy,  F.  :     The  Psychology  of  Childhood.    Boston,  1895. 

^  Lukens,  H.  T.  :  A  Preliminary  Report  on  the  Learning  of  Lan- 
guage.    Pedagogical  SetniJiary,  Vol.  Ill,  pp.  424-460. 

^  Collins,  J.  :  The  Genesis  and  Dissolution  of  the  Faculty  of  Speech. 
New  York,  1898. 

^°Bawden,  H.  H. :  A  Study  of  Lapses.  Psychological  Review 
Monograph  Siipplement,  Vol.  Ill,  No.  4  (Whole  No.  14),  April,  1900. 


APPERCEPTION   OF   THE  SPOKEN   SENTENCE.  83 

at  them  simply  as  different  forms  of  stimuli  appealing  to  one 
or  another  of  the  sense-departments,  it  is  manifest  that  certain 
psychoph3'sical  principles  condition  their  efficiency  for  per- 
ception, (i)  The  symbols  must  over-step  the  spatial,  qualita- 
tive, temporal  and  intensive  limina  of  the  sense-department  to 
which  they  appeal  ;  and  (2)  the  symbolic  elements  must  over- 
step the  differential  limen  of  the  modality-  to  which  they  belong, 
z.  e.,  they  must,  as  perceptive  elements,  be  discriminably  differ- 
ent. In  the  ordinary  visual  symbolism,  these  differences  are 
spatial, — differences  of  form,  of  spatial  extent,  of  spatial  posi- 
tion. In  the  typical  auditory  symbolism — speech — the  differ- 
ences in  the  expressive  stimuli  are  more  complicated.  They 
are  (i)  a  qualitative  difference,  (2)  a  temporal  difference 
(both  of  which  ma^- be  called  primar^^  differences),  and  (3)  an 
intensive  difference  (which  is  more  or  less  secondary  in  its 
nature).  In  more  concrete  terms,  the  differences  in  the  sym- 
bolic elements  appealing  to  the  ear  are:  (la)  in  the  case  of 
consonants,  modal  differences  of  a  complex  nature  due  to  the 
different  forms  of  adjustment  and  release  of  the  various  parts 
of  the  vocal  apparatus  concerned  in  the  production  of  conso- 
nants; (lb)  in  the  case  of  vowels,  simpler  qualitative  differ- 
erences  due  to  the  modifications  of  the  laryngeal  clangs  by  the 
changes  in  the  form  of  the  pharynx  and  the  buccal  cavity  ; 
(2a)  temporal  differences  within  the  complex  temporal  unit  of 
expression  (rhj^thm) ;  (2b)  temporal  differences  in  the  rapidity 
with  which  one  symbol  element  succeeds  another  symbol  ele- 
ment (quantity  and  pause);  (3)  intensive  differences,  due  to 
the  fact  that  certain  symbol  elements  may  be  emphasized  and 
that  the  innervation  for  certain  other  symbol  elements  may  be 
weakened. 

It  is  evident  that  a  psychophysical  examination  of  the  condi- 
tions underlying  the  perception  of  symbols  must  proceed  along 
the  lines  marked  out  by  an  analysis  similar  to  that  given 
above.  One  of  the  problems  of  such  an  investigation  would 
be  the  determination  of  the  value  of  each  of  these  factors  in 
word  and  sentence  perception.  This  we  find  to  be  the  point  of 
view  of  those  who  have  recently  approached  the  study  of  lan- 
guage from  the  psychophysical  side.  They  have  consistently 
held  to  the  problem  of  perception,  and  they  have  treated  this 
problem  according  to  psychophysical  methods.  This  work 
has,  however,  been  confined  almost  exclusively  to  visual  per- 
ception, and  the  majority  of  monographs  that  have  been  pro- 
duced are  studies  in  the  psychology  of  reading. 

CattelP  made  the  first  important  experimental  determination  of 
the  time  required  for  the  perception  of  letters  and  words.     His  prin- 

1  CatteU,  J.  McK. :  Ueber  die  Zeit  der  Erkennung  und  Benennung,  etc.  Phil. 
Studien,  Vol.  I,  pp.  635  ff. 
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cipal  conclusions  are  as  follo-ws.  (i)  The  maximal  rapidity  with 
which  a  word  can  be  read,  when  given  in  a  context,  varies  directly 
with  the  subject's  knowledge  of  the  language  to  which  the  word 
belongs;  (2)  if  the  words  do  not  form  sentences,  and  the  letters  do 
not  form  words,  the  time  required  for  reading  them  is  approximately 
doubled ;  the  time  required  for  the  perception  of  a  letter  is  very 
little  shorter  than  that  required  for  the  perception  of  a  word;  (3) 
the  less  familiar  a  word  is,  the  smaller  is  the  difference  in  the  time 
required  for  reading  it  backwards  and  reading  it  forwards. 

During  the  same  j-ear  in  which  Cattell  made  these  determinations, 
Grashey  1  published  a  paper,  based  upon  a  study  of  aphasia,  in  which 
he  maintained  that  the  unit  of  perception  in  reading  was  the  letter 
and  not  the  word.  This  position  was  adopted  by  V.'ernicke,  Leube 
and  other  alienists.  Loewenfeld,^  six  years  later,  basing  his  conclu- 
sions also  upon  aphasic  observations,  aficirmed  that  with  the  practiced 
reader  the  operation  was  not  literal  but  verbal.  Ke  supported  this 
observation  bj'  experiments  with  blurred  words,  in  which  he  found 
that  when  the  words  were  familiar  a  considerable  amount  of  blurring 
did  not  interfere  with  the  perception,  while  quite  the  opposite  ob- 
tained with  unfamiliar  words.  Goldscheider  and  Mueller^  subjected 
this  problem  to  an  elaborate  experimental  treatment.  They  found 
the  time  of  perception  to  be  dependent  (i)  upon  the  number  of 
elements,  and  (2)  upon  the  uniformity  of  their  arrangement.  In  the 
case  of  elements  of  different  kinds,  the  type  or  plan  of  arrangement 
was  much  more  easily  perceived  than  the  separate  characteristics  of 
the  single  elements.  In  the  exposure  of  letters  which  did  not  form 
words,  the  following  results  were  obtained,  (i)  Four  letters  were 
correctly  perceived  upon  the  first  exposure;  (2)  five"  letters-wrere 
always  correctly  se^n  upon  the  second  exposure.  As  regards  letter- 
series  forming  syllables,  words,  and  word-groups,  it  was  found  that 
series  of  four  letters  were  correctly  read  at  the  first  exposure  ;  more 
than  four  letters  were jnot^jacces.s fully,  read  at  the  first  exposure,  un- 
1  less  they  were  quite  familiar.  If  the  entire  word  is  not  perceived, 
there  is  a  tendencyl;o'liir but  the  perceived  letters  into  any  word  that 
may  contain  them.  In  words  of  eight  letters  or  more,  more  than  one 
exposure  is  invariably  required.  While  only  eight  letters  can  be 
perceived  in  .03  sec,  three  words  that  make  connected  '  thought '  can 
be  correctly  perceived  in  the  same  time.  In  actual  reading,  letters 
are  either  of  '  determining  '  or  of  '  indifferent '  significance  for  percep- 
tion. To  the  former  category  belong  in  general  the  consonants  and 
especially  the  initial  letters.  General  conclusions:  (i)  In  ordinary 
reading,  there  is  no  reason  to  believe  that  each  letter  is  perceived  as 
such.  (2)  For  the  production  of  the  verbal  (auditory-kinaesthetic) 
idea,  and  for  the  purposes  of  conceptual  '  apperception,'  the  percep- 
tion of  the  total  number  of  letters  uniting  to  form  the  word  is  not 
necessary,  the  perception  of  certain  deterjuinjng  letters  being  suffi- 
/  |_ei.ejat.  for  -these  .purposes.  (3)  It  is  probable  that  the  determining 
^^  ij"letters  evoke  the  phonetic  letter-sound  images  corresponding  to  them, 
and  that  these  in  turn  evoke  the  complete  verbal  (^ajudjldry-kinaes- 
..thetic)  image.  (4)  The  word-image "pFocedure  in  reading  is  not  to  be 
distinguished  from  '  literal  '  reading  by  the  perception  of  '  determin- 
ing '   letters.     The   word-image   is   the   succession   of   letter  images. 

1  Grashey,  H.  :  Ueber  Aphasie  und  ihre  Beziehung  zur  Wahrnehmung'.  Archiv 
fiir  Psych."  u.  Nervenkrankheit.  Vol.  XVI.     (1SS5.)  pp.  654-6S9. 

-  Loewenfeld  :  Ueber  zwei  Falle  von  amnestisclier  Aphasie,  etc.  Deutsche  Zeit- 
schrift  fiir  Nervenheilkunde,  Vol.  II.     I  Keft. 

3  Goldscheider,  A.,  und  lilueller.  R.  F. :  Zur  Psychologic  und  Pathologic  des 
I,eseus.     Zeitsch.  fiir  klinische  Medicin,  Vol.  XXIII,  pp.  130-167. 


APPERCEPTION   OF  THE  SPOKEN  SENTENCE.  85 

'  Reading  in  word-images  '  is,  therefore,  in  reality  a  reading  in  letter 
groups. 

Pillsbury's  problem  ^  was  in  many  respects  closely  related  to  that 
of  Goldscheider  and  Mueller.  He  attempted  to  determine  the  "  relative 
importance  of  sensation  and  the  more  general  and  remote  factors 
•which  are  involved  in  the  very  simple  and  familiar  operation  of  read- 
ing a  word."  The  method  employed  was  the  mutilation  of  t}*pe- 
written  words  by  omitting,  blurring  and  substituting  letters.  Re- 
sults :  (i)  The  various  kinds  of  changes  made  in  the  words  stand  in 
ease  of  recognition  in  the  following  order :  omitted,  substituted, 
blurred.  (2)  A  disfigurement  of  the  first  letter  is  easily  recognized, 
but  disfigurements  coming  later  are  apt  to  be  overlooked.  (3)  Where 
more  than  one  letter  is  disfigured  the  first  disfigurement  is  not  so 
often  overlooked  as  are  the  others.  (4)  There  is  about  as  much 
chance  of  recognizing  a  misprint  when  it  stands  alone  as  when  others 
are  combined  with  it  in  the  same  word  ;  if  there  is  any  difference,  it 
is  in  favor  of  recognizing  a  change  when  others  are  present.  (5)  The 
strength  of  suggestion  which  conies  from  the  word  itself  is  entirely 
independent  of  the  length  of  the  word.  (6)  The  proportion  of  mis- 
prints overlooked  is  greatly  increased  under  the  influence  of  the 
suggestion  of  associated  words. 

Erdmann  and  Dodge  "^  consider  Goldscheider  and  Mueller's  results 
untenable,  (i)  Words  are  optical  wholes,  but  the  spoken  reproduc- 
tions are  letter  combinations.  (2)  If  a  printed  line  (the  context  of 
which  may  be  readily  understood)  is  read,  and  the  head  meantime 
kept  in  an  immovable  position,  there  is  a  regular  alternation  between 
the  pauses  of  rest  and  the  eye  movements.  The  number  of  move- 
ments is  much  smaller  in  reading  the  mother-tongue  than  in  reading 
a  foreign  language ;  and  the  more  familiar  the  context,  the  more 
uniform  are  the  durations  of  the  rest-pauses  and  the  movements.  (3) 
The  number  of  rest-pauses  and  movements  is  three  times  as  great 
when  the  reader  attends  to  the  text  itself  as  when  he  attends  to  the 
contents  of  this  text.  (4)  When  the  attention  is  directed  upon  the 
text,  rather  than  the  contents,  the  field  of  most  distinct  vision 
includes  about  four  letters  (p.  68).  (5)  The  rapid  alternation  of  the 
black  and  white  text-elements  following  one  another  during  the  eye- 
movements  completely  excludes  the  possibilit)'  that  we  cognize  the 
letters  in  the  course  of  such  movements  (p.  71 ).  During  the  course 
of  the  eye-movement  in  reading  there  is  lacking  a  perceptive  con- 
tents corresponding  to  the  actual  stimuli  presented  by  the  letters,  if, 
as  is  ordinarily  the  case,  the  attention  is  not  directed  to  this  percep- 
tive contents.  (6)  Visual  perception  of  the  letters  in  reading  occurs 
exclusive!}'  during  the  rest-pauses  of  the  eye  ;  these  can,  therefore, 
be  designated  reading-pauses.  The  areas  of  simultaneous  iierception 
in  reading  are  greater  than  the  areas  of  distinct  perception  of  the 
single  letters,  and  the  range  of  these  reading-areas  excludes  the  pos- 
sibility that  all  single  letters  contained  in  them  are  distinctly 
perceived.  The  sum  total  of  the  visual  angles  subtended  while  read- 
ing a  line  is  smaller  than  the  visual  angle  for  the  entire  line.  (7)N, 
Under  similar  conditicms».i,our  to  five  timeii  as  many  letters  can  be  ' 
read  in  word-connection  as  without  word-connection.  In  the  reading 
of  letters  exposed  without  word-connection,  the  last  to  be  exposed 
are  generally  either  not  read  at  all  or  falsely  read.  (8)  The  fact  that 
we  perceive  familiar  words  under  conditions  that  exclude  any  percep- 
tion of  the  single  elements  is  due  to  the  typical  forms  which  the  words 

1  Pillsbvirj-,  W.  B.  :     The  Reading  of  Words.    This  Journal,  Vol.  VII,  pp.  315  ff. 
^Erdmauu,  B.,  and  Dodsre,  R. :    Psychologische  Untersuchungen  ueber  das  Les- 
en  auf  experimenteller  Grundlage.     Halle,  1S98. 
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possess  under  these  conditions;  just  because  the  single  letters  are 
perceptive  units  only  through  the  arrangements  of  their  component 
parts,  the  verbal  perception  must  be  dependent  upon  the  type-form 
that  is  peculiar  to  the  word  as  an  unit  of  visual  perception.  (9)  The 
sim.ultaueous  perception  of  short  sentences,  parts  of  w^hich  are  seen 
only  very  indistinctly  in  indirect  vision,  must  involve  the  co-opera- 
tion of  contextual  connections  in  meaning  which  render  the  '  under- 
standing '  of  the  seutence  possible.  It  is,  however,  not  this  contextual 
connection,  but  the  type-form  of  the  word,  that  gives  in  general  the 
deciding  conditions  (p.  175).  (10)  The  spoken  and  heard  words  are 
successive  wholes,  while  the  visual  word  is  a  simultaneous  whole. 
The  spoken  word  is  only  imperfectly  symbolized  by  the  visual  word 
(p.  191).  The  spoken  word  is  a  whole  only  in  the  combination  of  its 
acoustic  and  kinaesthetic  sensations. 

Quantz  ^  found  that  colors  are  more  easily  perceived  than  geomet- 
rical forms,  isolated  words  than  colors,  and  words  in  connection  than 
disconnected  words. 

Huey  2  found  that  the  speed  in  reading  aloud  is  correlated  with  the 
'  sense  '  made.  '  Sense  '  passages  are  read  in  a  little  more  than  half 
the  time  taken  for  nonsense  passages  of  an  equal  number  of  letters. 
"  The  pronunciation  of  an  adjective  .  .  .  seems  to  subexcite 
association  tracts  representing  substantives, — preferably  and  more 
strongly  substantives  with  which  the  particular  adjective  has  been 
most  often  associated.  .  .  .  The  right  word  is  ready  to  leap  out  at 
the  slightest  suggestion  from  the  printed  page,  if  that  passage  makes 
sense."  The  last  part  of  a  word  is  less  essential  to  the  perception  of 
the  word  than  the  first  part.  This  may  be  due  (i )  to  the  tendency  of 
the  English  language  to  accent  the  first  part  of  the  word,  the  accented 
part  thus  tending  to  represent  the  word,  or  at  least,  the  spoken  word  ; 
(2)  to  the  preponderance  of  suffixes  over,  prefixes,  the  main  root  of 
the  word  being  in  the  first  part,  and  rendering  the  first  part  more  im- 
portant. Hue}'  concludes  that  the  theory  of  letter  perception  in 
reading  is  untenable.^ 

Above  all  el.se,  tlii.s  work  upon  visual  perception  bears  over- 
whelmin<:i  testimony  to  the  significance  which  '  context  '  has 
for  the  perception  of  symbols  which  appeal  to  the  eye.  It  was 
the  primary  object  of  the  present  study  to  determine  whether 
a  .similar  condition  obtains  in  the  case  of  symbols  appealing  to 
the  ear.  The  experimental  consideration  of  this  question 
furnished  material  for  further  study  along  related  lines,  so 
that  the  final  formulation  of  our  problem  included  three  distinct 
divisions :  the  primarj^  question  (a)  What  is  the  effect  of 
'  context '  upon  the  perception  of  auditor}-  symbols,  or,  in 
other  words,  how  are  the  objective  elements  of  auditor}^  sj'm- 
bolism  related  to  the  subjective  or  central  elements? — and  two 
subsidiary  questions  :  (b)  How  are  the  objective  elements 
related  to  one  another  ?  and  (c)  What  are  the  conscious  pro- 
cesses involved  in  the  apperception  of  the  spoken  sentence  ? 

1  Quantz.  J.  O.  :  Problems  in  the  Psj'chology  of  Reading.  Psychological  Review, 
Monosjraph  Stipplrment,  Vol.  II,  No.  i,  1897. 

-  Huey,  E.  B.  :     T\\\s  Journal,  Vol.  IX,  pp.  574  ff ;    Vol  XI,  pp.  283  ff. 

3  For  a  more  detailed  analysis  of  the  earlier  literature  dealing  with  the  problems 
of  word  and  sentence  perception,  see  Erdmaun  and  Dodge,  op.  cit.,  pp.  7-30. 
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11. 

Experiments. 

(A)  The  Perception  OF  Auditory  Symbols  :  (i)  The 
Relation  of  the  Objective  to  the  Subjective  Factors  of  Auditory 
Symbolism  ;  (2)  The  Relation  of  the  Objective  Factors  to  One 
Another. 

§  I.  Method  and  Appa?'atus.  The  method  emploj^ed  in  the 
first  two  determinations  was  based  upon  the  psychophysical 
principles  we  have  already  laid  down.  A  word  is  normally  a 
definite  complex  of  various  sounds  which  we  call  consonants 
and  vowels.  As  we  have  seen,  the  consonantal  variations  are 
modal  changes  conditioned  by  the  different  forms  of  adjust- 
ment and  release  of  the  vocal  organs.  The  vowel  variations 
are  qualitative  modifications  of  the  laryngeal  clangs.  A  con- 
sonant always  involves  a  vowel ;  hence,  if  we  var}^  the  conso- 
nants, we  also  vary  the  vowels.  Our  method  involved  the 
elision  of  consonants,  and  a  determination  of  the  accompanying 
effect  of  the  word  upon  the  observer.  In  order  to  determine 
the  relation  of  the  psychophysical  factors  to  the  central  factors 
(the  first  and  primar}^  problem),  (a)  mutilated  words  were 
given  without  context,  (b)  mutilated  words  were  given  with 
a  minimum  of  context,  i.  e.,  with  one  or  two  related  words, 
(c)  mutilated  words  were  placed  at  the  beginning  of  complete 
sentences,  (d)  mutilated  words  were  placed  in  the  middle  of 
complete  sentences,  and  (e)  mutilated  words  were  placed  at 
the  end  of  complete  sentences.  In  order  to  determine  the 
value  of  the  sj'mbolic  elements  as  compared  with  one  another, 
z.  e.,  the  relation  of  the  objective  factors  to  one  another  (the 
second  problem),  the  effects  of  the  various  forms  of  mutilation 
upon  the  perception  of  the  word  by  the  observer  were  compared. 
In  this  case  the  words  were  used  with  and  without  context,  the 
temporal  conditions  being  varied  b}^  eliding  consonants  (a)  at 
the  beginning  of  the  word,  (b)  in  the  middle  of  the  word,  (c) 
at  the  end  of  the  word. 

The  words  thus  mutilated  were  divided  into  the  following 
categories  : 

I.  Initial  consonant  omitted.     Class  A. 

II.  Mid-consonant  omitted.     Class  B. 

( 1 )  The  consonant  standing  alone  between  two  vowels. 

(2)  The  consonant  standing  next  to  another  consonant, — 
so,  i.  e.,  that  a  voiceless  hiatus  should  not  be  left  between  the 
vowels  upon  elision. 

III.  Final  consonants  omitted.     Class  C. 

These  words  were  placed  in  short,  complete  and  categorical 
sentences,  which  were  classified  as  follows: 
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I.  Sentences  in  which  the  mutilated  word  is  at  or  near  the 
beginning.     Class  a. 

II.  Sentences  in  which  the  mutilated  word  is  in  the  middle. 
Class  b. 

III.  Sentences  in  which  the  mutilated  word  is  at  the  end. 
Class  c. 

There  were  thus  possible  the  following  series  of  sentences  : 
Aa.     Initial  consonant  omitted  at  the  beginning  of  the  sentence. 
Ab.     Initial  consonant  omitted  in  the  middle  of  the  sentence. 
Ac.     Initial  consonant  omitted  at  the  end  of  the  sentence. 
Ba.     Mid-consonant  omitted  at  the  beginning  of  the  sentence. 
Bb.     Mid-consonant  omitted  in  the  middle  of  the  sentence. 
Be.     Mid-consonant  omitted  at  the  end  of  the  sentence. 
Ca.     Final  consonant  omitted  at  the  beginning  of  the  sentence. 
Cb.     Final  consonant  omitted  in  the  middle  of  the  sentence. 
Cc.     Final  consonant  omitted  at  the  end  of  the  sentence. 
Of  these   possible   combinations,    the    following  were    selected   as 
answering  every  demand  of  the  experiment : 
Aa,  Ac,  Ba,  Be,  Cb,  Cc. 

It  was  attempted  to  make  every  series  complete,  z.  ^.,  to 
represent  every  consonant  in  every  series.  For  purposes  of 
convenience  a  classification  of  consonants,  following  in  the 
main  that  of  Whitnej^^  was  tentatively  adopted  : 

Semi-vowels.  Aspirates.    Nasals.  Sibilants.  Spirants.  Mutes. 

Labials        w  m  v,  f  b,  p 

Linguals    r,  1  n  .  z,  s  th,  ch,  j  b,  t 

Palatals        y  h  ng  zh,  sh  g,  k 

It  was  also  attempted  to  combine  every  consonant  with 
ever}'  vowel  ;  i.  e. ,  to  represent  each  consonant  in  every  series 
by  as  many  different  words  as  there  are  different  vowel  sounds. 
When  this  could  not  be  done,  different  words  were  added  in 
which  the  consonant  in  question  was  preceded  or  followed  by 
a  vowel  already  in  use  in  another  word. 

The  following  complete  series  (Be)  is  inserted  as  an  example  : 

1.  As  a  companion  he  was  extremely  a(m)iable. 

2.  The    howling   wind   set    the   windows    rattling   and    the   doors 

sla(mmjing. 

3.  The  religious  spirit  is  predominantly  e(m)otional. 

4.  It  is  often  hard  to  reduce  a  compound  to  its  ele(m)ents. 

5.  A  light  on  the  distant  shore  was  gli(mm)ering. 

6.  As  a  boy,  the  poet  was  forever  rhy(m)ing. 

7.  He  would  have  loosened  the  knot  in  another  mo(m)ent. 

8.  The  governor  refused  a  new  uo(m)ination. 

9.  He  pointed  toward  where  the  mountain  was  loo(.m)ing. 

10.  The  greatest  life  cannot  be  wrecked  by  calu(mn)5'. 

11.  The  most  exasperating  being  on  earth  is  a  coquettish  wo('m)au. 

12.  Of  all  that  little  band  of  men  he  was  the  bra(v)est. 

13.  It  was  a  mystery  that  none  of  us  could  unra(v)el. 

1  Whitney,  W.   D.  :     Life  and  Growth  of    Language.     N.  Y.,   1885- 
1897,  p.  62. 
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14.  It  ^vas  admitted  to  be  a  glorious  achie(ve)ment. 

15.  He  did  not  deny  the  possibility  of  divine  re(v)elation. 

16.  Amusement  was  furnished  in  great  di(v)ersity. 

17.  Every  man  possesses  an  element  of  the  di(v)ine. 

iS.  He  stopped  to  take  breath  when  he  reached  the  ri(v)er. 

19.  It  was  rumored  that  the  war  was  o(v)er. 

20.  We  knew  that  he  could  not  reco(v)er. 

21.  The  circuitous  route  is  the  sa(f)er. 

22.  When  we  saw  her  she  was  lau(gh)iug. 

23.  The  captain  wore  a  heav}'  ree(f)er. 

24.  I  had  never  seen  him  be(f)ore. 

25.  The  concussion  was  dea(f)ening. 

26.  He  was  known  as  an  ignorant  sco(ff)er. 

27.  It  is  wrong  that  the  innocent  should  su(ff")er. 

28.  Gluttony  is  an  euphemism  for  stu(ff  )ing. 

29.  He  loved  all  animate  things  except  ba(b)ies. 

30.  The  word  was  not  in  the  voca(b)ular}'. 

31.  I  had  often  witnessed  the  scene  he  had  just  been  descri(^bjing. 

32.  He  was  held  for  murder  and  ro(bb)er}^ 

33.  The  ring  was  set  with  ru(b)ies. 

34.  The  floor  needed  a  good  scru(bb)ing. 

35.  His  painting  might  better  have  been  called  dau(b)ing. 

36.  As  a  mechanic  he  was  extremely  ca(p)able. 

37.  One  cannot  den}'  that  the  office-holders  are  ra(p)acious. 

38.  No  one  doubts  the  moral  efficacy  of  re(p)entance. 

39.  The  flocks  were  watched  by  she(p)herds. 

40.  The  wire  was  quickly  cut  with  a  pair  of  ni(pp)ers. 

41.  Some  one  cut  the  rope  he  was  gri(pp)ing. 

42.  The  bank  was  slo(p)ing. 

43.  I  caught  the  words  he  was  dro(pp)ing. 

44.  It  was  the  work  of  the  little  god  Cu(p)id. 

45.  Blame  no  man  for  his  stu(p)idity. 

46.  The  structure  was  simply  stu(p)endous. 

47.  His  position  on  the  question  was  a(n)omalous. 

48.  The  panic  was  ge(n)eral. 

49.  He  had  lost  everything  except  his  ho(n)or. 

50.  The  ship  could  be  located  by  the  smoke  from  her  fu(nn)els. 

51.  The  hedge  needed  pru(n)ing. 

52.  Such  a  contingency  was  extremely  fortu(n)ate. 

53.  I  could  see  that  he  was  frow(n)ing. 

54.  The  results  were  most  ama(z)ing. 

55.  The  water  in  the  pipes  was  free(z)ing. 

56.  There  was  some  question  as  to  the  re(s)ults. 

57.  One  must  act  quickly  and  without  he(s)itation. 

58.  She  did  not  like  ro(s)es. 

59.  He  was  unable  to  maintain  his  po(s)ition. 

60.  He  left  the  game  when  he  found  that  he  was  lo(s)ing. 

61.  He  had  left  word  that  he  would  be  extremely  bu(s)y. 

62.  Are  you  acquainted  with  that  ponderous  tome  which  he  is  peru- 

(s)ing? 

63.  The  yacht  was  intended  for  ra(c)ing. 

64.  The  book  was  put  a(s)ide. 

65.  The  degenerate  is  marked  by  his  a(s)ymmetry. 

66.  His  time  was  spent  in  re(s)earch. 

67.  We  made  the  preparation  according  to  the  re(c)ipe. 

68.  We  were  to  travel  through  Europeon  bi(c)ycles. 

69.  The  empire  included  all  Chri(st)endom. 

70.  He  was  a  victim  of  hallu(c)iuations. 
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71.  We  do  not  thiuk  that  the  combination  is  po(ss)ible. 

72.  The  situation  was  highly  amu(s)ing. 

73.  He  was  not  aware  of  the  storm  he  was  arou(s)ing. 

74.  The  problem  of  natural  science  is  the  interpretation  of  na(t)ure. 

75.  Contagious  diseases  are  those  which  are  called  ca(tch)ing. 

76.  The  reverend  gentleman  was  a  popular  prea(ch)er. 

77.  On  the  wall  hung  a  painting  and  two  e(tch)ings. 

78.  For  conquest  he  had  a  strange  i(tch)ing. 

79.  We  did  not  see  the  train  approa(ch)ing. 

80.  The  beef  trust  is  hard  on  the  bu(tch)er. 

81.  By  his  side  the  dog  was  crou(ch)ing. 

82.  Diseased  tissues  are  studied  by  the  pa(th)ologist. 

83.  War  clouds  are  ga(th)ering. 

84.  He  went  into  business  with  his  farth)er. 

85.  Good  speaking  depends  on  good  brea(th)ing. 

86.  The  horses  wait  wi(th)out. 

87.  He   had   been   shot  through  the  head   and  lay  on  the  ground 

wri(th)ing. 

88.  Many  of  the  soldiers  were  without  proper  clo(th)ing. 

89.  It  was  not  the  difficulty  that  bo{th)ered. 

90.  The  loss  was  next  to  no(th)ing. 

91.  The  fire  was  almost  s!no(th)ered. 

92.  His  death  must  be  reported  to  the  au(th)orities. 

93.  The  illumination  is  ra(d)iant. 

94.  The  pain  was  almost  ma(dd)ening. 

95.  The  statement  is  utterly  incre(d")ible. 

96.  The  train  was  backed  r:pon  a  si(d)ing. 

97.  The  men  had  left  the  car  they  were  loa(d)ing. 

98.  The  lawn  needed  so(dd)itig. 

99.  I  saw  the  book  which  he  stu(d)ied.' 

100.  They  did  not  know  the  trouble  over  which  he  was  broo(dJing. 

lor.  He  was  evicted  as  an  intru(d)er. 

102.  He  was  seen  in  Paris  ten  days  la(t)er. 

103.  The  governor  refuses  to  discuss  the  ma(tt)er. 

104.  On  his  part  the  attitude  was  confessedly  a  pre(t)ense. 

105.  We  counted  on  the  rose  five  pe(t)als. 

106.  He  is  a  good  wri(t  )er. 

107.  The  leaders  admitted  that  they  could  not  meet  the  extremi(t)y. 

108.  We  were  to  have  gone  boa(t)ing. 

109.  The  tree  is  swaying  and  to(tt)ering. 
no.  The  crowd  was  jeering  and  hoo(t)ing. 

111.  A  man  must  earn  his  bread  and  bu(tt)er. 

112.  She  was  divinely  beau(t)iful. 

113.  The  project  has  been  extensively  exploi(t)ed. 

114.  The  army  was  completely  rou(t)ed. 

115.  The  window  was  reset  by  a  gla(z)ier. 

116.  The  color  of  the  sky  was  a(z)ure. 

117.  We  do  not  get  much  lei(s)ure. 

118.  One  does  not  live  for  plea(s)ure. 

119.  We  waited  within  the  enclo(s)ure. 

120.  The  Poggendorf  figure  is  an  optical  illu(si)on. 

121.  He  did  not  welcome  our  intru(sjion. 

122.  The  matter  interests  the  entire  na(ti)on. 

123.  His  pleading  was  fiery  and  pa(ssi)onate. 

124.  Several  connoisseurs  expressed  their  appre(c)iation. 

125.  We  have  alread}'  signed  the  peti(ti)on. 

126.  The  life  we  lead  is  not  real  but  facti(ti)ous. 

127.  Before  us  stretched  the  expanse  of  the  o(ce)an. 
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128.  The  ballot  is  not  free  from  pollu(ti)on. 

129.  The  iiioinent  was  cru(ci)al. 

130.  We  were  almost  stunned  by  the  concu(ssi)on. 

131.  Proceed  along  the  path  with  cau(ti)ou. 

132.  The  most  entrancing  theories  are  the  va(gu)est. 

133.  We  had  experienced  the  awful  a(g)ony. 

134.  The  king  knew  that  his  courtiers  were  intri(gu)ing. 

135.  He  had  killed  lions  and  bears  and  ti(g)ers. 

136.  The  army  was  made  up  of  volunteers  and  re(g)ulars. 

137.  The  lad  had  climbed  into  the  rirgg)ing. 
13S.  The  children  were  ro(gu)ish. 

139.  The  ant  tendered  a  reception  to  the  slu(gg)ard. 

140.  The  play  was  characterized  I)y  its  unique  sta(g)ing. 

141.  The  affair  is  too  horrible  to  ima(g  due. 

142.  The  criminal  presented  many  marks  of  de(g)eneration. 

143.  The  strips  were  used  for  e(dg)iug. 

144.  We  found  him  most  obli(g)ing. 

145.  He  was  not  dogmatic  in  his  reli(gi)on. 

146.  The  term  '  education  '  is  preferred  to  '  pedago(g)y.' 

147.  We  did  not  see  him  at  his  lo(dg)iug. 

148.  Industry  without  art  is  dru(dg")ery. 

149.  He  was  a  notorious  pu(g)ilist. 

150.  We  bought  bread  of  the  ba('k)er. 

151.  The  enterprise  did  not  lack  ba(ck)ers. 

152.  Death  is  followed  by  de(c)ay. 
153-  We  are  at  the  end  of  a  de(c)ade. 

154.  Eric  was  one  of  the  Vi('k)ings. 

155.  The  fires  are  fed  by  an  automatic  sto(k)er. 

156.  There  was  plenty  of  food  in  the  lo(ck)ers. 

157.  He  got  a  good  du(ck)ing. 

158.  I  do  not  like  him  any  lo(ng)er. 

159.  We  heard  that  she  was  a  good  si(ng)er. 

160.  The  evening  chimes  were  ri(ng)ing. 

161.  The  man  was  leaning  over  the  rai(l)ing. 

162.  We  had  visited  the  pa('l)ace. 

163.  I  did  not  know  his  fee(l)ing. 

164.  The  missionary  was  most  zea(l)ous. 

165.  It  is  called  latter-day  Phi(l)istinism. 

166.  All  sciences  have  grown  out  of  phi(l)osophy. 

167.  The  people  are  not  civi(l)ized. 

168.  We  took  our  exercise  by  bow(l)ing. 

169.  The  coat  had  a  velvet  co(U)ar. 

170.  He  chided  him  for  his  foo(l)ishness. 

171.  The  procedure  was  acknowledged  to  be  irregu(l)ar. 

172.  He  is  blind  to  certain  co(l)ors. 

173.  The  disaster  is  appa(ll)ing. 

174.  The  water  is  improved  by  boi(l)ing. 

175.  The  wind  was  how(l)iug. 

176.  The  law  is  subject  to  many  va(r)iations. 

177.  I  have  not  a  word  against  his  private  clia(r)acter. 

178.  We  were  among  her  admi(r)ers. 

179.  The  procedure  was  most  i(rr  jegular. 

180.  Do  not  always  look  for  the  mo(r)al. 

181.  They  came  away  much  poo(r)er. 

182.  His  hesitancy  is  natu(r)al. 

183.  Mrs.  Smith  was  to  do  the  pou(r)ing. 

Tlieoreticall}',  the  sentences  numbered  in  all  10S5,  but  owing 
to  the  difficulty  encountered  in  finding  words  for  all  classes,  as 
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well  to  imperfections  iu  the  records,  onl}^  850  sentences  were 
used. 

The  words  and  sentences  were  recorded  upon  the  cylinders 
of  an  Edison  phonograph^  (Class  M).  Care  was  taken  to 
speak  the  words  distinctly,  but  in  general  the  emphasis  and 
inflection  were  those  of  ordinar}^  conversation.  All  the  words 
and  sentences  were  recorded  by  one  person  (the  author).  The 
time  of  the  revolution  of  the  cylinder  was  constant  both  in 
making  the  records  and  in  making  experimental  tests  (160 
revolutions  per  minute,  verified  at  the  beginning  of  each  ex- 
perimental hour). 

The  mutilated  words  were  first  placed  alone  upon  one  set  of 
cylinders,  words  of  the  different  classes, — A,  B  and  C — being 
recorded  together  to  eliminate  possible  errors  of  expectation. 
The  observers  were  instructed  to  listen  to  the  word  as  repro- 
duced b}'  the  phonograph,  and  to  repeat  it  to  the  operator, 
who  recorded  the  judgment.  Occasional  unmutilated  words 
were  inserted  as  checks. 

The  sentences  were  recorded  upon  a  second  set  of  cylinders, 
care  being  taken  to  mix  the  various  classes  as  in  the  case  of 
words.  The  observer  was  instructed  to  listen  to  the  sentence 
as  reproduced,  and  to  repeat  it  to  the  operator,  who  recorded 
it  as  given  by  the  observer,  noting  at  the  same  time  the  errors 
made  in  the  perception  of  the  separate  words. 

For  one  series  of  the  single  mutilated  words,  the  procedure 
was  as  follows  :  Two  seconds  before  the  word  was  reproduced 
by  the  phonograph,  the  operator  spoke  two  words  which  stood 
in  the  relation  of  context  to  the  mutilated  word.  The  ob- 
server's reactions  upon  the  word,  both  with  context  and  with- 
out context,  were  recorded. 

It  will  be  noted  that  this  method  is  practically  that  which 
Pillsbury  "  used  in  his  experiments  upon  the  reading  of  words, 
with  the  exception  that  our  own  method  is  complicated  by 
the  use  of  the  sentence  as  context.  Indeed,  the  aim  of  this 
part  of  our  problem  was,  primarily,  to  do  for  the  spoken  word 
what  Pillsbury  had  done  for  the  printed  word. 

The  experiments  extended  through  two  academic  years  (1898-99, 
1899-1900),  tests  being  made  only  during  the  morning  hours. 

§  2.  Observers.  For  the  first  two  experiments  on  the 
perception  of  auditory  symbols,  the  following  eight  members 
of  the  Department  of  Psychology,  Cornell  University,  volun- 
teered to  act  as  observers  :    Dr.  J.  O.  Ouantz,  Dr.  G.  A.  Cogs- 

^A  discussion  of  the  applications  of  the  phonograph  to  psycho- 
logical work  will  be  found  in  Les  Phonographes  et  V Etude  des  Voy- 
elles,  by  Dr.  Marage,  in  L' Anne  Psychologique,  1898,  pp.  226  ff. 

■^Pillsburj' :     op.  cit.,  p.  341. 
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well,  Dr.  G.  M.  Whipple,  Dr.  W.  B.  Lane,  Miss  F.  M.  Winger, 
Miss  J.  A.  Cochran,  Mr.  H.  O.  Cook,  and  Mr.  R.  M.  Ogden. 
While  the  nature  of  the  experiment  necessitated  a  certain 
amount  of  knowledge  on  the  part  of  the  observers  regarding 
the  work  in  hand,  the  special  object  of  the  tests  was  unfamiliar 
to  them,  and  the  general  procedure  may  be  designated  as 
'without  knowledge.' 

It  will  be  readily  seen  that  the  use  of  every  possible  combi- 
nation as  given  above  (p.  88)  would  introduce  into  the  experi- 
ment a  source  of  error  which  must,  as  far  as  possible,  be 
avoided.  The  words  were  first  given  alone,  and  then  repeated 
once  or  twice  with  a  contextual  connection.  By  permitting 
a  relatively  long  interval  of  time — two  to  four  months — to 
elapse  between  each  repetition  of  the  word  in  the  various  con- 
nections, the  recognition  of  the  word  as  having  occurred  in  a 
previous  test  happened  very  infrequently.  Had  every  combi- 
nation been  used  for  each  word,  such  a  procedure  would  have 
been  quite  impossible. 

§  3.     Resiills  and  CoyidusioJis . 

Problem  I.  The  Influence  op  Context  upon  the 
Perception  of  Auditory  Symbols. 

In  this  connection  we  have  to  compare  the  results  of  giving 
mutilated  words  alone,  of  giving  them  with  a  minimum  of 
context,  of  giving  them  at  the  beginning  of  complete  sentences, 
of  giving  them  in  the  middle  of  such  sentences,  and  of  giving 
them  at  the  end  of  such  sentences. 

f aj      Words  Given    Without  Context. 

Table  I  shows  the  percentage  of  mutilated  words  correctly 
perceived  when  given  without  context.  The  letters  A,  B  and 
C  refer  to  the  place  in  the  word  at  which  the  elision  was  made 
— A,  initial  consonant  elided ;  B,  mid-consonant  elided  ;  C, 
final  consonant  elided. 


Class. 

Total 

No 

•  Judg: 

Tabi 
ments. 

.E  I. 
Right. 

Wrong. 

Perc't 

R't, 

A 

260 

9 

251 

3 

•5 

B 

450 

189 

261 

42 

.0 

C 

260 

34 

226 

13 

.0 

Totals,       970  232  738  23.9 

The  relatively  high  number  of  right  judgments  in  the  B-series 
is  probably  due,  in  large  measure,  to  the  fact  that  where  the 
mid -consonants  are  omitted  the  words  are  predominantly  poly- 
syllabic. The  A  and  C  series  were  entirely  monosyllabic. 
With  this  difference,  the  B-series  should,  of  course,  be  left  out 
of  an}'  comparison.  The  following  conclusion  seems  to  follow 
from  the  Table  : 
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I.  In  monosyllabic  words  the  elision  of  the  ijiitial  consonant 
affects  perception  more  than  the  elision  of  the  firial  consonant. 

This  conclusion  is  in  substantial  agreement  with  Pillsbury's 
results  for  printed  words  :  "A  disfigurement  of  the  first  letter 
was  easily  recognized,  since  there  was  but  slight  expectation  of 
what  was  to  come."^  The  fact  also  suggests  Goldscheider  and 
Mueller's  conclusion  that  the  initial  letters  are  among  the  pre- 
dominantly 'determining'  elements  in  reading,"  as  well  as 
Huey's  conclusion  regarding  the  importance  of  the  first  part 
of  the  word  in  perception.^  The  fundamental  role  which  the 
initial  consonants  play  in  the  genesis  of  speech  is  illustrated 
hy  the  fact  that  the  first  consonants  which  the  child  uses  are 
initial,  and  that  only  initial  consonants  are  used  for  some  time.* 

(b)       Words  Giveti  with  a  Minimum  of  Context. 

The  words  used  in  this  determination  were  chosen  from 
the  B-series.  A  complete  record  of  one  observer  is  given 
below. 

Observers'  Report. 


Mutilated  Word. 

A 

A(m)iable 

Sla(mm)ing 

E(in)otional 

Gli(mra)ering 

Ele(m)ents 

Rhy(ni)ing 

Mo(m)ent 
No(m)ination 

Loo(in)ing 

Calu(mn)y 
\Vo(  m  )au 
Bra(v)est 

Ca(v)il 

Achie(ve)ment 

Re(v)elation 

Di(v)ersity 

Di(v)ine 
0(v)er 


Coutext. 

frieud,  clierished 
doors,  childhood 

r  elements, 

\  determine 
guided,  light 

water,   hydrogen 

f  adolescence,  \ 
\  instinct  j 

caught,  flies 

his,  assured 
f  up,  Mt.  \ 

(  Washington   / 

him,  heaped 

bundle,  foibles 

men,  fear 
f  calumny,         ~l 
\  unscathed       J 

little,  criticism 
f  universe,         "1 
\  interpreted     / 
I  interest,  \ 

\  friendship       ) 
r  interference, 
(.  human 

divide,  land 


Word  Alone. 

a(m)iable 
slatting 

e(m)otional 

query 

(  eloquence, 
\  elegant 

riding 

owen 
darnation 

bluing 

calumny 

one 

brayers 

hal 

achie(v)ement 

revelation 

diversity 

decline 
or 


With  Context. 

amiable 
slammed 

e(m)otional 

twinkling 

ele(m)ents 

rising 

woman 
nomination 

loo(m)ing 

calumny 

one 

brave 

cavil 

achievement 

revelation 

diversity 

divine 
war 


1  Pillsbury  :     op.  cit.,  p.  350. 

2  Goldscheider  and  Mueller  :     op.  cit.,  p.  160. 
3Huey:     This  Journal.     Vol.  IX,  p.  581. 

*  Tracy  :     The  Psychology  of  Childhood,  p.  127. 
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Observers'   Report. 


Mutilated  Word. 

Context. 

Word  Alone. 

With  Context. 

No(v)el 

force,  life 

now 

/doll, 
I  shall 

Pro(v)iug 

error,  process 

r  cooing 
\  cooling 

\ 

J 

accruing 

Lo(v)able 

women,  courtesy 

1  gavel 
i  garbel 

} 

lovable 

Lau(gh)ing 

leads,  obesity 

thine 

laughing 

Be(f)ore 

honor,  effort 

the  oar 

before 

Dea(f)ening 

roar,  disaster 

dea(f)ening 

deafening 

Li(fe)like 

picture,  praise 

j  lie-like 
Ui(fe)like 

I 

lifelike 

0(ft)entimes 

wander,  alone 

}  on  time            ^ 
(.  autumn-time  J 

/  olden  times 
1,  on  time 

Stu(ff)ing 

1  animals, 
\  taxidermy 

J 

starting 

stuffing 

Ba(b)ies 

f  bachelor's, 
\  bugbears 

i 

baize 

bays 

Voca(b)ulary 

important,  book 

voca(b)ulary 

voca(b)ulary 

Descri(b)ing 

j  personal, 
\  adventures 

} 

descrying 

describing 

Scri(bb)ling 

verse,  genius 

shrilly 

squirling 

No(b)ler 

men,  better 

nola 

older 

Ro(bb)ing 

genteel,  vocation 

drawing 

calling 

Ru(b)ies 

f  diamonds, 
\  precious 

\ 

Ruiz 

Ruiz 

Scru(bb)ing 

floor,  artistic 

scrawling 

scru(bb)ing 

Ca(p)able 

better,  things 

ca-able 

capable 

Ra(p)acious 

f  politicians, 
\  monopolized 

} 

veracious 

veracious 

Re(p)entance 

f  itself, 

1  constructive 

j  prentice, 
\  pre-empted 

} 

the  entrance 

She(ph)erds 

flocks,  night 

charades 

charade 

Gri(pp)ing 

man,  throat 

spearing 

grinning 

Slo(p)ing 

walls,  ascent 

flowing 

flowing 

Dro(pp)ing 

wall,  escape 

drawing 

drawing 

Stu(p)enQous 

gorge,  wonder 

stu(p)endous 

stu(p)endous 

Cu(p)id 

life,  part 

Hewet 

stupid 

A(n)omalous 

f  position, 
1  comment 

1 

anomalous 

anomalous 

Ge(n)eral 

disaster,  panic 

Jerrold 

Jerrold 

A(n)yone 

done,  better 

a-one 

A-1 

Pho(n)ograplis 

products,  decade 

phonographs 

phonographs 

Ho(n)or 

before,  effort 

all 

awe 

Croo(n)ing 

scandalous,  tales 

accruing 

accruing 

Combi(n)ations 

f  capital, 
(  dangerous 

I 
J 

combinations 

combinations 

Su(pp)osing 

true,  result 

supposing 

supposing 

Fortu(n)ately 

well,  armed 

fortunately 

fortunately 

Fu(nn)els 

clouds,  smoke 

false 

funnels 

Cra(z)y 

stories,  believed 

cra(z)y 

crazy 

Re(s)ults 

*  whatever, 
\  interesting 

} 

real 

real 

He(s)itation 

critical,  failure 

citation 

hesitation 

Civi(l)ized 

nations,  war 

civilized 

civilized 

Ro(s)es 

violets,  grown 

rose 

rose 

U(s)ing 

gun,  club 

hewing 

hewing 
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In  all,  358  judgments  were  recorded;  183  with  context  and 
175  without  context.  Table  II  shows  the  percentage  of  cor- 
rect perception  for  both  classes. 

Tablk  II. 

Without  Context.  With  Context. 

Total  Judgments,             175  183 

Right  Judgments,               50  96 

Wrong  Judgments,           125  87 


Per  cent.  Right,  28.5  52.4 

Lest  the  28.5%  of  this  last  determination  maybe  thought 
inconsistent  with  the  42.0%  of  Table  I,  it  will  be  well  to  ex- 
plain that  the  words  chosen  for  the  test  represent  only  those 
members  of  the  B-series  which  were  the  most  difficult  to  per- 
cei\'e  after  mutilation.  The  following  conclusions  seem  war- 
ranted : 

2.  lVhe7i  mutilated  wojds  are  given  with  a  7ni7iiinuni  of 
context^  the  chances  for  their  correct  perception  are  increased  by 
82^0  cis  compared  zvith  their  chances  of  correct  perception  when 
given  without  context. 

3.  The  fact  of  mittilatio7i  is  readily  noticed  in  the  single  words 
given  without  context,  evc7i  thoicgh  the  word  be  fi7ially  co7'rectly 
perceived;  the  elisio7i  is  7iot  so  readily  7ioted  whe7i  the  word  is 
give7i  with  a  7nini>7iU77i  of  co7itext. 

These  conclusions  are  again  in  full  agreement  with  Pills- 
bury 's  results  for  the  visual  word.^ 

(c)      Words  given    at    or   7iear    the    Begi7i7iing    of    Co7nplete 

Sente7ices. 

Two  of  the  sentence  series — A  and  B — furnished  the  data  for 
this  determination.     Tables  III  and  IV  give  the  results. 

Table  III.    Series  Aa. 

Given  Alone.  At  the  Begining  of  Sentence. 
Total  Judgments,           260  390 

Right  Cases,  9  288 

Wrong  Cases,  251  102 

Per  cent.  Right,      3.5  73.8 

Here  the  A- words  have  leaped,  b}^  the  influence  of  context, 
from  3.5%  of  correct  perceptions,  when  given  alone,  to  73.8% 
of  correct  perceptions,  when  placed  at  the  beginning  of  a  com- 
plete sentence.  The  B-words  have  increased  much  less  rapidly, 
as  the  following  Table  shows. 

1  Pillsbury  :    op.  cit.,  p.  361. 
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Table  IV.  Ba  Series. 
Given  Alone.  At  the  Beginning  of  Sentence. 

Total  Judgments,  450  944 

Right  Judgments,  1S9  557 

Wrong  Judgments,        261  387 

Per  cent.  Right,       42  59 

The  following  conclusions  are  to  be  drawn: 

4.  Polysyllabic  words  luhen  mutilated  are  more  easily  recog- 
nized than  mo?iosyllabic  tuords  under  the  satne  conditio7is,  but, 
when  given  in  context,  are  not  helped  by  the  context  as  vuich  as 
are  the  monosyllabic  zvords. 

5.  When  m7itilated  words  are  placed  at  or  near  the  beginning 
of  complete  sentences,  the  cha?ices  for  their  correct  perception  are 
increased  remarkably ,  the  amount  of  increase  varying  with  the 
character  of  the  word,  being  greater  for  mojtosyllables  and  less  for 
polysyllables. 

(d)      Words  placed  in  the  Middle  of  Sentences. 

Only  one  of  the  sentence-series — Cb — was  used  in  this  deter- 
mination. The  C-words  were  all  monosyllables  ;  hence,  the 
results  of  this  determination  are  comparable  with  the  Aa  series 
of  Determination  '  c. '     Table  V  gives  the  results. 

Table  V.    The  Cb  Series. 
Word  Given  Alone.  Given  in  Middle  of  Sentence. 

Total  Judgments,         260  498 

Right  Judgments,  34  399 

Wrong  Judgments,       226  99 

Per  cent.  Right,        13.0  80.1 

Here  we  find  a  distinct  gain  in  correct  perception  over  the 
last  determination.  In  comparing  this  series  with  series  Aa 
of  Determination  'c,'  the  objection  may  be  raised  that  the  C 
series  has  already  been  proven  more  easily  perceived  than  the 
A  series,  and  that,  therefore,  the  gain  from  73.8%  (the  result 
of  the  Aa  series  of  Determination  '  c ' )  loses  its  significance. 
When,  however,  we  take  into  account  the  long  leap  that  both 
series  make  when  given  the  advantage  of  context,  this  diffi- 
culty does  not  appear  so  great  as  at  first  sight.  The  following 
conclusions  seem  to  be  j  ustified  : 

6.  When  mutilated  words  are  placed  in  the  middle  of  com- 
plete sentences,  there  is  a  slight  btct  significant  increase  in  the 
percentage  of  correct  perceptions  as  compared  zvith  the  perceptions 
of  the  similar  words  placed  at  the  beginning  cf  complete  sentences. 

7.  Wheyi  tmitilated  zvords  are  placed  in  the  middle  of  complete 
seyitcnces,  they  are  much  more  amenable  to  correct  interpretation 
than  when  given  without  context. 
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(e)      Words  given  at  the  End  of  Complete  Sentences. 

Series  Ac,  Be,  and  Cc  are  represented  in  this  determination. 
The  results  are  shown  in  Tables  VI,  VII  and  VIII. 

Table  VI.    The  Ac  Series. 

Given  Aloue.  <^    t      '^  End  of  Sentence. 

Total  Judgments,  260  390  114 

Right  Judgments,  9  288  100 

Wrong  Judgments,        251  102  14 

Per  cent.  Right,       3.5  73.8  87.7 

Table  VII.    The  Be  Series. 

Given  Alone.  o     i'^     "     "        End  of  Sentence. 

Sentence. 

Total  Judgments,  450  944  507 

Right  Judgments,  189  556  408 

Wrong  Judgments,        261  387  99 

Per  cent.  Right,      42  59  So. 4 

Table  VIII.    The  Cc  Series. 

Given  Alone.     Middle  of  Sentence.  End  of  Sentence. 
Total  Judgments,      260                              498  404 

Right  Judgments,         34  3^9  366 

Wrong  Judgments,   226  99  38 

Per  cent.  Right,     13.0  80.1  90.5 

The  conclusion  follows : 

8.      The  position  most  favorable  for  the  correct  pcrceptioji  of  a 
mutilated  'word  is  at  the  close  of  a  complete  senteiice. 
Table  VII  shows  the  general  relations  of  all  the  classes. 

Table  VIII.     General  Relations. 

Mill.  Con. ^Minimum  Context.    T^Total  Judgnieuts.     R=Right  Judgments. 


Lass. 

Alon 

e. 

Min. 

Con. 

( 

a' 

'b' 

'  c  ' 

T 

R 

T 

R 

T 

R 

T   R 

T   R 

A 
B 
C 

260 
450 
260 

9 
189 

34 

183 

96 

390 

944 

288 
556 

498  399 

114  100 
507  408 
404  366 

970 

232 

183 

56 

1334 

844 

498  399 

1025  874 

P.  c'nt.   R't,    23.9  52.4  63.2  80.1  85.2 

9.  Tlie  temporal  position  of  a  mutilated  word  in  the  succession 
of  cojitcxtiial  elements  with  which  it  is  given,  determines  the 
aviount  of  injury  zvhich  the  zvord  as  an  unit  of  auditory  percep- 
tion sicstains  throus^h  mutilatio7i. 
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Problem  II.     The  Relations  of  the  Symbolic  Elements 
TO  One  Another  in  Auditory  Perception. 

Have  the  various  cousonauts,  or  classes  of  consonants,  vary- 
ing degrees  of  significance  for  perception  ?  Are  there  among 
the  auditory  symbol  elements  certain  elements  which  are  '  deter- 
mining '  and  certain  others  which  are  'indifferent,'  as  Gold- 
scheider  and  Mueller  maintain  to  be  the  case  in  visual  symbol 
elements?  We  have  already  found  that  the  position  of  an  ele- 
ment is  a  determining  factor  in  perception.  This,  however,  can 
be  interpreted  as  analogous  to  the  influence  of  context;  for  since 
the  initial  element  po.ssesses  the  greatest  significance  for  percep- 
tion, it  is  reasonable  to  suppose  that  the  mid  and  final  elements 
lose  significance  through  the  associative  supplementing  of  the 
preceding  elements.  The  question  now  arises:  apart  from  this 
associative  supplementing,  are  there  other  objective  or  physi- 
ological factors  which  give  the  various  elements  a  varying 
degree  of  significance  ?  Are  certain  consonants,  either  because 
of  the  ease  with  which  they  are  produced  or  by  reason  of  their 
peculiar  quality,  more  fundamental  than  other  consonants  ? 

The  word-series  B  was  used  in  this  experiment,  the  general 
object  being  to  determine  what  consonants  could  be  elided  with 
the  least  injury  to  the  perception  of  the  word.  Table  IX  gives 
the  results.  The  percentages  represent  all  the  judgments  made 
upon  the  mutilated  words,  whether  with  or  without  context, 
the  assumption  being  that  the  context  helped  all  classes  of  con- 
sonants impartially. 

Tabi,e  IX. 

Injury  Worked  to  Perception  of  Mutitated  Word  by  Elision  of 
Different  Kinds  of  Consonants. 

Consonant  Total  ripht  Wrono   ' 

Elided.  Judgments.  kight.  wrong. 

Mutes. 

p  47  20  27 

b  28  9  19 

d  44  25  19 

t  43  22  21 

g  26  12  14 

k  40  14  26 

Totals,  22S  102  126  44.7%  Right. 

Spirants. 

f  23  9  14 

V  38  18  20 

th  27  II  16 

j  43  25  18 

ch  29  13  16 

Totals,  160  76  84  47.5%  Right. 
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Sibilants. 

S 
Z 

sh 
zh 

36 
16 
42 
18 

20 

3 
21 
II 

16 

13 
21 

7 

Totals, 

112 

55 

57  49- i%  Rig^t 

Nasals. 

m 
n 

43 

32 

9 

17 

23 

2 

26 
9 

7 

Totals, 

84 

42 

42  50.0%  Right. 

Semi-vowels. 

W 

r 
1 

10 
36 
42 

7 
28 
28 

3 
8 

14 

Totals, 

88 

63 

25  71.6%  Right. 

10.  TJie  elision  of  mutes  works  the  greatest  i7ijury  to  the  per- 
ception of  a  mutilated  word;  the  elision  of  the  semi-vowels  works 
the  least  injury  to  such  perception.  Elision  of  spirants,  sibilants 
and  7iasals  works  greater  injitry  than  the  clisio7i  of  semi-vowels, 
and  less  injury  than  the  elisioji  of  rriutes. 

We  have  in  this  in.stance  a  striking  correlation  with  the  facts 
of  language  development.  In  the  phylogeny^  and  ontogeny  ^ 
of  speech  the  mutes  are  the  first  consonants  to  appear.  They 
are  also  the  easiest  to  form,  involving  the  least  complex  mus- 
culature and  the  slightest  delicacy  of  co-ordination. 

11.  The  consonajits  which  are  of  the  greatest  signifca?icein  the 
auditory  perception  of  words  are  those  ivhich  involve  in  their  pro- 
dtiction  only  the  coarser  articidatory  combinations.  They  may, 
therefore,  be  considered  as  the  7nore  fundamental  elements  of  aiidi- 
tory  symbolism. 

These  results  may  now  be  compared  with  the  substitutions 
which  the  various  observers  made  when  the  words  were  mis- 
perceived.  The  data  of  this  determination  are  mostly  such 
words  as  were  not  filled  out  by  the  observer  into  *  meaningful ' 
but  into  nonsense  symbol-complexes.  Hence  the  substitutions 
made  may  well  be  considered  as,  in  the  main,  those  which  fol- 
lowed the  '  line  of  least  resistance;'  those,  in  other  w^ords,  which 
required  the  least  expenditure  of  energy  for  their  production. 
Some  examples  are  given  below: 

Word  Given.  Word  Reported. 

sla(mm)ing  slatting 

no(ua)ination  uotination 

^  Cf.  Whitney  :  Life  and  Growth  of  Language,  p.  68. 
"^Cf.  Tracy:  Psychology  of  Childhood,  p.  127. 
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Word  Given. 

Word  Reported 

fef  tell  Mug 

fettiug 

ga(th)ering 

aokering 

iia(ti)ou's 

valiauce 

a(g)ony 

arry 

pu(g)ilist 

purellas 

du(ck)ing 

dunning 

mo(m)eut 

oak  cent 

ca(v)il 

Table  X. 

cattle 

The  Comparison   of  Multiple   and   Single  Elements  Appearing  in 
the  Substitutions. 

No.  of  Elements        ^^        ^  Substitutions.      ^Y'-^f  ^""^ 
Represented.  each  Element 

Single  Elements,     22  221  10. 

Multiple         "  14  21  1.5 

By  '  multiple  elements  '  are  meant  combinations  of  single  consonants 
or  digraphs. 

12.  Multiple  elements  are  substituted  much  less  frequetitly 
than  single  elements;  in  the  proportion  of  i^  to  pj,  or,  approx- 
imately, 1:6. 

Table  XI. 

The  Comparison  of  Different  Classes  of  Single  Elements  Appearing 
in  the  Substitutions. 

Total  Number  of  Substitutions 221 

Nasals.        Semi-vowels. 

2        V  63 

2        r  26 

J  8        1  21 

y  15 


Mutes 

Spiran 

Its. 

Sibilants. 

p 

b 
d 
t. 
S 
k 

I 
II 
26 

I 
S 

f 

V 

th 

J 

ch 

I 
7 
5 
3 
2 

s                    6 

Z                              I 

sh                  4 
zh                  0 

Total, 

55 

tS 

II 

Av.  for  each  Mute, 

9.1 

Spiran  , 

3-6 

Sibilants,  2.7 

12  125 

Nasals,    4   Semi-v'ls,  31.2 

The  preponderance  of  semi-vowels  substituted  may  seem 
remarkable  in  the  light  of  the  last  determination,  where  we 
pointed  out  that  the  mutes  are  not  only  the  '  easie.st '  elements 
to  produce  vocally,  but  also  the  most  fundamental  in  the 
genesis  of  speech,  while  the  semi- vowels  are  the  hardest  to 
acquire  and  the  latest  to  develop,  both  phylogenetically  and 
ontogenetically.  But  while  they  are  the  latest  to  develop, 
they  are  not,  once  mastered,  the  most  difficult  to  use,  but 
rather  are  among  the  easiest.  In  the  practiced  use  of  language, 
"  each  class  (vowels  and  consonants)  draws  the  other  toward 
itself ;  the  vowels  become  more  consonantal,  the  consonants 
become  more  vocalic."^  Hence,  it  might  well  be  expected 
that  the  semi-vowels,  standing  as  they  do  on  the  border  line 

1  Whitney  :     Life  and  Growth  of  Language,  p.  69. 
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between  the  voiced  and  the  unvoiced  elements,  should  appear 
most  frequently  in  the  substitutions  of  adult  speakers.  In 
view  of  this  fact,  the  following  conclusion  seems  to  be  justified: 
13.  When  different  single  elements  are  substittited  for  the 
elided  elements  in  mutilated  words,  the  semi-vowels  are  chosen 
most  frequently,  the  proportion  being  approximately  three  semi- 
vowels to  two  siibstitntions  from  all  other  classes.  When  semi- 
vowels are  not  S7ibstitnted,  the  mutes  are  chosen  mo7e  frequently 
than  either  the  sibilajits  or  the  Jiasals,  in  the  proportion  approxi- 
mately of  three  mutes  to  one  substifutioji  from  ayiy  07ie  of  the 
other  classes  except  semi-vowels. 

B.  The  Conscious  Process  Involved  in  the  Appercep- 
tion OF  Spoken  Symbols. 

§  I.     Object. 

From  the  series  of  mutilated  words  that  were  given,  now 
singly,  now  with  a  minimum  of  context,  now  at  the  beginning, 
now  in  the  middle,  and  now  at  the  end  of  a  complete  sentence, 
it  is  evident  that  the  '  setting '  of  a  word  is  the  determining 
factor  in  its  apperception.  The  problem  that  confronts  us, 
therefore,  is  this  :  Given  a  complex  of  sounds,  otherwise  per- 
ceived simply  as  such  a  complex,  what  are  the  conscious  pro- 
cesses by  which  this  complex  acquires  '  meaning  ; '  by  which 
it  is  not  merely  perceived  as  sound,  but  apperceived  as  a 
'  meaningful '  symbol  ? 

Apperception  is  used  in  this  connection  to  denote  the  re- 
action of  experience  upon  new  contents,  or,  as  Pillsbury  puts 
it,  "  apperception  represents  the  influence  of  general  experience 
in  consciousness. ' '  ^ 

This  connotation  of  the  term  apperception,  now  generally  adopted, 
was  vaguely  suggested  by  Leibniz  ;  ^  but  it  was  the  Plerbartians  who 
first  gave  it  an  important  significance  in  psychological  nomenclature. 
According  to  Herbart,-'  a  new  idea  is  apperceived  by  an  older  idea  or 
by  a  complex  of  older  ideas.  With  Drobisch,*  the  apperceiving  idea 
becomes  a  distinct  '  psychological  subject.'  There  is  a  psychological 
subject  corresponding  to  every  characteristic  attitude  of  the  mind. 
Now  we  are  teachers,  now  students,  now  members  of  a  political  com- 
munity. In  every  case  a  special  psychological  subject  presides  over 
the  mental  life,  and  the  nature  and  constitution  of  this  subject  deter- 
mine the  form  in  which  the  newly  entering  contents  shall  be  received. 
Waitz  ^   introduces  the  doctrine  of  apperception   by  '  coenaesthesis.' 

1  Pillsbury:    op.  cit.,  p.  388. 

2  Leibniz:  Philosophical  Works  (Tr.  Duncan).  New  Haven,  1890, 
pp.  219. 

^Herbart,  J.  F.  :  Psychologic  als  Wissenschaft.  Sammtliche  Werke 
(Kehrbach's  ed.),  Langensalza,  1892.     Bd.  VI,  pp.  140  ff. 

*  Drobisch,  M.  :  Empirische  Psychologic  nach  wissenschaftlicher 
Methode.    Leipzig,  1842,  p.  135. 

^  Waitz,  T.  :  Grundlegung  der  Psychologic.  See  also  Stout,  Mind, 
Vol.  XIV  (1889),  p.  366. 
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Coeiircsthesis  is  the  mental  attitude,  the  'cotnnion  feeling,'  which  is 
produced  by  every  form  of  stimulus.  In  other  words,  coemusthesis 
is  the  resultant  of  experience.  With  Lazarus, ^  an  apperception  is 
joined  to  a  perception  in  the  act  of  assimilation.  The  apperception  is 
thus  conceived  as  a  structural  pattern  of  the  mind.  It  is,  however, 
an  active  agent,  and  its  eflficiency  is  due  to  the  working-over  which  it 
has  undergone  throughout  the  course  of  experience.  Steinthal  ^ 
means  by  apperception  all  the  psychical  factors  atid  activities  which 
mediate  a  cognition.  It  is  the  movement  of  two  ideas  governed  by 
the  Weltanschanung  of  the  subject, — the  movement  of  two  ideas  for 
the  production  of  a  cognition.  Stout  ^  includes  under  apperception 
such  processes  as  understanding,  interpreting,  identifying,  subsum- 
ing, etc.  In  all  these  processes,  a  presentation  "acquires  a  certain 
significance  for  thought  by  connecting  itself  with  some  mental  pre- 
formation as  this  has  been  organized  in  the  course  of  ])revious  expe- 
rience." The  process  of  apperception  coincides  substantially  with 
that  of  attention.  In  the  Herbartians,  both  the  agents  and  the  mate- 
rials of  apperception  are  ideas  or  idea  complexes;  in  Stout,  the 
materials  of  apperception  are  involved  iu  the  concept  of  mental 
'  systems.'  A  mental  group  or  system  is  a  systematized  tendency, 
and  the  union  of  such  groups  or  systems  is  the  confluence  of  different 
modes  of  mental  activity.  {Cf.  the  'psychological  subject'  of  Dro- 
bisch.)  Regarding  the  agent  of  apperception.  Stout  renounces  the 
Herbartian  concept  of  ideational  activity,  and  considers  apperception 
as  a  conative  process.  With  Wundt,*  apperception  is  the  process 
through  which  one  idea  becomes  clear  and  distinct,  while  others 
remain  vague  and  indefinite,  the  entire  process  being  accompanied  by 
a  feeling  of  activity,  by  the  inhibition  of  irrelevant  ideas,  and  by 
other  accessory  phenomena. 

The  problems  in  a  study  of  apperception  are  revealed  more 
clearly  if  the  dichotomy  between  a  structtiral  and  a  functional 
psychology,  as  proposed  by  Professor  Titchener/  is  rigidly 
made  and  adhered  to.  Apperception  is  2i,  function  of  the  mind. 
It  has  its  structural  ■^z.W.QXw,  i.  c,  there  is  a  certain  mental  state 
or  condition  which  the  apperceiving  consciousness  uniformly 
takes,  and  this  state  or  condition  is  called  attention. "^  In  a 
study  of  apperception,  then,  we  have  to  inquire,  what  structural 
elements  or  compounds  of  elements  carry  the  fttnction  of  apper- 
ception. In  what  proportions  are  sensational  and  affective  ele- 
ments present,  under  different  conditions,  in  the  apperceptive 
consciousness  ?  The  mind  a.ssimilates  the  new  material  which 
is  presented  to  it  in  a  form  determined  b)'  the  environment. 

1  Lazarus,  M.  :    Das  Leben  der  Seele.    Berlin,  1878,  pp.  251  ff. 

2  Steinthal,  H. :  Einleituug  in  die  Psychologic,  etc.  Berlin,  i88r, 
pp.  166-263. 

^  Stout,  G.  F.  :  Analvtic  Psychology.  Loudon,  1806.  Vol.  II,  pp. 
iioff. 

*  Wundt,  W. :  Grundziige  der  physiologischcn  Psvchologie.  Leip- 
zig, 1893.   Bd.  II,  pp.  274  ff. 

^Titchener,  E.  B.:  An  Outline  of  Psychology.  New  York,  1899,  pp. 
21  ff.  The  Postulates  of  a  Structural  Psychology,  Philosophical  Re- 
view, Vol.  VII,  5.     (Sept.,  1898.) 

•^  Cf.  Kuelpe,  O.:  Outlines  of  Psychology  (Tr.  Titcheuer).  London, 
1895,  pp.  423  ff. 
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What  are  the  conscious  processes  which,  on  the  structural  side, 
constitute  this  assimilation  ?  What  is  it  that  determines  the 
particular  pattern  of  the  given  apperceptive  consciousness? 
Why  are  such  and  such  perceptions  and  ideas  in  the  focus,  and 
such  and  such  perceptions  and  ideas  in  the  fringe  of  conscious- 
ness ?  What  is  the  nature,  under  the  given  conditions,  of  the 
elements  which  fall  in  the  focus,  and  what  is  the  nature,  under 
the  same  conditions,  of  the  elements  which  fall  in  the  fringe? 
Is  there  any  uniformity  with  which  these  several  arrangements 
of  mental  'stuff'  occur?  If  there  is,  does  it  suggest,  directly 
or  indirectl}',  a  general  postulate  upon  which  a  psychology'  of 
function  can  build? 

Viewing  our  own  problem — the  apperception  of  spoken  sym- 
bols— from  this  standpoint,  we  have  to  ask:  What  is  the  char- 
acter of  the  associative  and  recognitory  processes  that  underlie 
the  apperception  of  s3'mbols?  In  terms  of  what  sense-modalities 
are  our  symbols  interpreted  ?  What  part  do  mood,  affective 
tone,  environment,  past  experience,  and  similar  factors  play  in 
the  interpretation? 

§  2.     Method. 

The  method  employed  in  this  determination  was  that  of  intro- 
spective analysis.  The  sentences  were  the  same  as  those  used 
in  the  first  two  determinations;  a  sample  series  has  been  given 
above  (p.  88).  The  procedure  was,  in  brief,  as  follows.  After 
the  sentences  had  been  reproduced  by  the  phonograph  and 
repeated  by  the  observer,  the  latter  was  instructed:  (i)  to  give 
an  introspective  account  of  the  manner  in  which  he  came  to  fill 
out  the  mutilated  word,  providing  that  the  mutilation  was  rec- 
ognized; and  (2)  to  add  all  possible  information  as  to  the  char- 
acter of  the  mental  processes  which  went  on  during  the  apper- 
ception of  the  sentence,  with  especial  regard  to  the  pattern  of 
the  apperceptive  consciousness, — the  presence  or  absence  of  defi- 
nite and  tangible  '  imagery,'  the  concomitant  affective  phe- 
nomena, kinaesthetic  sensations,  etc.  The  results  of  the  experi- 
ment fall  into  two  sections,  corresponding  to  these  two  divisions 
of  the  problem. 

§  3.     Observers. 

The  value  of  the  introspective  reports  must  depend  in  large 
measure  upon  the  training  and  ability  of  the  various  observers. 
Of  the  four  observers  whose  protocols  embody  such  reports, 
three  were  professional  psychologists  of  from  four  to  six  years' 
technical  training  and  experience.  The  fourth  was  a  student  of 
two  )-ears'  training  in  psychological  method.  All  were  very 
much  alive  to  the  value  of  accurate  introspection,  and  could 
differentiate  clearly  between  the  psj'chological  and  the  logical 
implications  of  the  matter  with  which  they  dealt. 

The  following  observeis  offered  their  services  for  this  deter- 
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mination:  Miss  F.  M.  Winger  (IP),  Fellow  iu  Psychology; 
Miss  J.  A.  Cochran  (C),  senior  student  in  psychology;  Dr.  G. 
M.  Whipple  (JVA),  Assistant  in  Psychology;  and  Dr.  W.  B. 
Lane  (L),  Honorary  Fellow  in  Psychology. — all  of  Cornell 
Universit5^  JVand  L  are  predominantly  visual  in  type;  Cis 
predominantly  auditory;  and  Wh  auditory- visual. 

The  experimental  work  began  iu  October,  1899,  and  continued  until 
June,  T900.  The  experimental  hours  were  ten,  eleven  and  twelve  in 
the  morning.  No  tests  were  taken  in  the  afternoons.  Wh  gave  one 
hour  a  week  to  the  work,  L  and  C  two  hours  a  week,  and  ^  three 
hours  a  week. 

§  4.      Results. 
(a)    The  Interpretation  of  Mutilated  Symbols:      The  Principle  of 
Contextual  Supplementing. 

W^e  have  seen  that,  when  a  mutilated  word  is  given  alone, 
the  chances  are  that  its  meaning  will  be  lost  upon  the  hearer; 
but  when  it  is  given  in  context,  the  chances  are  that  the  elisions 
will  be  filled  out  and  the  word  supplied  in  its  correct  form.  When 
a  word  is  spoken  erroneously,  but  is  correctly  perceived  by  the 
hearer,  the  process  by  which  the  errors  are  filled  out  has  been 
described  as  'associative  supplementing."^  It  is  obvious  that 
this  involves  a  certain  form  of  apperception.  The  erroneous 
part  of  the  spoken  word  is  filled  out  immediately  from  the 
hearer's  experience,  and  this  is  always  an  instance  of  simul- 
taneous association.  But  when  the  word  is  recognized  as  muti- 
lated, the  correct  form  is  provided  in  large  part  by  the  context, 
and  is  only  at  first  suggested  and  later  confirmed  by  the  muti- 
lated form.  This  process  may  be  called  '  contextual  supple- 
menting, '  and  is  an  instance,  not  of  simultaneous,  but  of  suc- 
cessive association.^  The  greater  part  of  the  elisions  in  our 
sentences  were  supplied  in  this  way. 

14.  The  mutilated  word  given  in  context  is  not,  as  a  rule, 
filled  07it  at  once  by  associative  supplementing ,  but  is  changed  into 
its  correct  foi'm  by  a  process  of  successive  association  which,  inas- 
much as  it  is  depe?ide7it  almost  entirely  upon  the  context,  may  be 
called  contextual  S7ippiementing . 

Illustrations:  "  He  sold  his  ho(me)  for  a  mess  of  pottage."  Wh 
first  misinterpreted /io(W(?)  as  hole.  He  then  "tried  to  think  what 
Esau  sold  ;"  birthright  came  up  by  successive  association,  then  home 
was  readil)^  supplied. 

"  The  matter  is  a  function  of  ti(me)  and  space."  L  misinterpreted 
ti{nie)  as  tide,  but  the  juxtaposition  of  space  led  to  the  substitution  of 
time. 

"  Is  it  the  man  or  the  no(se)  in  Cyrano?"  C  supplied  nose  after 
Cyrano  had  been  spelled  for  her. 

^Titcbener  :  op.  cit.,  pp.  216  ff.  See  also  Bawden,  A  Study  of  Lapses, 
pp.  41-44. 
'^Titchener:  op.  cit.,  p.  216. 
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"Na(t)ure  abhors  a  vacuum."  L  would  not  have  supplied  the  ch 
sound  in  nature  had  he  not  heard  abhors^  which  immediately  sug- 
gested it. 

"  Ga(th)ering  news  was  his  trade."  C  perceived  ga{th)ering  as  the 
nonsense  word  ackering.  Very  much  later  she  supplied  gathering, 
but  was  unable  to  analyze  the  process  by  which  she  had  reached  it. 

"WriCth)ing  in  pain,  he  called  for  help."  C  supplied  writhing 
after  apperceiving  pain. 

"  Wi(th)out  health,  happiness  is  perhaps  impossible."  Wh  mis- 
interpreted health  as  help.  He  changed  it  to  health  upon  the  comple- 
tion of  the  sentence. 

"  The  ra(d)iant  diamond  is  but  a  bit  of  carbon."  Wh  could  make 
nothing  out  of  ra{d)iatit,  but  supplied  radiant  "  simply  because  it 
was  appropriate." 

"Gree(d)ily  he  seized  and  ate  the  food."  C,  IF  and  Wh  misinter- 
preted gree{d)ily  as  really.  C  supplied  greedily  from  the  word  seized, 
Wh  and  W  from  the  general  context. 

"  Incre(d)ible  as  the  story  may  seem,  it  is  true."  Wh  first  took 
incre{d)ible  as  in  travel.  He  substituted  the  correct  form  after  seetn 
or  true. 

"Ma(tt)erand  force  are  in  the  province  of  the  knowable."  Wh 
filled  out  fnatter  from  the  suggestion  oi  force  and  knowable. 

"  Wri(t)ers  of  novels  are  legion  in  these  daj-s."  (T  did  not  supply 
writers  until  she  had  apperceived  novels. 

"  The  afz)ure  of  the  skj'  was  changed  to  gray."  Wh  supplied  azure 
from  sky;  C  substituted  azure  after  gray. 

"  The  cau(ti)on  was  timely."  Wh  misinterpreted  caution  as  column. 
When  asked  for  further  associations,  he  said  :  "I  noticed  no  mutila- 
tions. The  sentence  suggested  the  stereotyped  phrase :  '  The  caution 
was  timely.'  " 

"The  slu(gg)ard  should  eat  the  fruits  of  his  sloth."  Z  first  re- 
ported, "  The  Sclav  should  eat  the  fruits  of  his  Sclav."  This  had  a 
'  familiar  feel  '  and  suggested  a  scriptural  text.  Sloth  was  suggested 
by  the  experimenter  as  the  last  word,  and  L  at  once  supplied  slug- 
gard. 

"  Golf  is  an  interesting  ga(me)."  Gol/ was  misinterpreted  by  L  as 
gold.  Golf  was  substituted  b}'  the  context,  and  confirmed  bj-  the 
sound. 

"  The  siege  was  interrupted  by  a  tru(ce)."  C  misinterpreted  tru^ce) 
as  true,  but  supplied  truce  after  siege. 

"  The  ruling  of  the  court  was  null  and  voi(d)."  Wh  supplied  the 
word  void  immediate!}'  from  the  familiarit}'  of  the  phrase.  (This 
was  doubtless  a  case  of  simultaneous  association.) 

It  will  be  noted  that  most  of  these  contextual  supplementings 
can  be  grouped  under  three  of  Aschaffenburg's^  rubrics  of 
successive  associations.  These  comprise  the  first  two  classes  of 
his  '  internal '  associations,  {Assodatio7ieii  nach  Co-ordination 
and  Associationcn  nach  prixdicativer  Beziehung)  and  one  class 
of  his  '  external '  associations  {sprachliche  Reminiscejizen) . 
Probablj'  the  majority  are  of  the  last-named  type. 

(b)    The  More  General  Factors  in  Sejitence  Apperception. 
In  this  determination  the  lack  of  an  adequate  method  or 

1  Aschaffenburg,  G.  :  Experimentelle  Studien  ueber  Associationen. 
Kraepeliu's  Psychologische  Arbeiten,  Bd.  I,  H.  2  and  3  (1S95),  p.  231. 
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schema  of  classification  rendered  the  task  more  difficult.  We 
had  nearly  three  thousand  introspective  reports  in  protocol  upon 
the  conscious  processes  involved  in  interpretation.  Each  of 
these  reports  was  extremely  individual  in  character,  and  just 
what  value  to  ascribe  to  each  was  a  matter  of  serious  import. 
The  plan  finally  adopted  was  as  follows.  The  writer  went 
through  the  protocols  rapidly,  noted  the  character  of  each  intro- 
spection, and  made  a  rough  classification  of  the  material,  work- 
ing from  the  points  that  seemed  to  him  most  salient.  Then  the 
protocols  were  more  carefully  examined,  and  each  introspective 
unit  was  assigned  to  its  proper  class.  In  this  way  numerical  com- 
parisons of  the  various  types  of  imagery  employed,  of  the  sen- 
sational and  affective  phenomena,  and  of  subjective  and  objective 
references  were  made  possible.  At  the  same  time  the  more  typi- 
cal and  the  more  striking  reports  were  recorded  separately,  and 
from  these  a  few  have  been  selected  for  citation.  The  following 
is  the  classification  as  it  took  final  form. 

Tabi^e  XII. 

References  involving  visual  sense-elements  : 
Ideal  reproduction  of  a  represented  environment, 
Visual  imagery  of  particular  objects  reinforcing  a  gen- 
eral reference. 
Visual  reference  to  maps, 
Visual  reference  to  pictures. 
Visual  reference  to  books, 
Visual  reference  to  persons. 

Total  visual  references. 

References  involving  auditory  sense-elements, 
References  involving  kinaesthetic  sense-elements. 
References  involving  taste  and  smell  elements. 
References  involving  temperature  sense-elements, 

Verbal  references ; 
Purely  verbal  references, 
Verbal  completions  and  supplements, 
References  to  literature,  history,  etc.,  predominantly 

verbal, 
References  involving  schematic  representations,  largely 

verbal. 
Particular  words  visualized,  innervated  or  heard, 
Verbal  references  to  previous  sentence. 
Verbal  references  to  contexts, 
Peculiar  lines  of  thought  initiated,  largely  verbal. 

Total  verbal  references. 
References  uniform  with  the  various  observers, 
Constant  supplements. 

Indefinite,  changing  and  obscure  references  : 
References  showing  a  hesitation  between  alternatives, 
Different  references  at  different  parts  of  the  context, 
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References  which  change  gradually  as  the  context  pro- 
ceeds, 40  instances. 

References  which  take  a  figurative  meaning  in  its  literal 

sense,  5         " 

Contests  erroneously  perceived  and  curiously  inter- 
preted, 96         " 

References  inconsistent  with  the  context,  9         " 

Total  indefinite,  changing  and  obscure  references,      168 

References  indistinct  or  absent : 

Reference  vague  and  unorganized,  48         " 

Only  the  auditory  experience  of  the  sentence  in  con- 
sciousness, 16         " 

Familiarity  with  the  sentence  precludes  definite  and 

distinct  reference,  6         " 

Peculiarity  iu  the  mechanism  of  the  sentence  makes  the 

reference  indistinct,  5         " 

Indistinct  reference  coming  verj'  late,  9         " 

Total  indistinct  or  absent  references,  84         " 

15.  Under  the  conditions  of  our  experiment,  and  with  the  obser- 
vers tested,  the  apperception  of  auditory  synnbcls  involves  the  presence 
in  C07isciousness  of  visual  and  verbal  ideas  mainly;  i.  e.,  the  con- 
scious  'stuff'  of  the  auditory  symbolic  apperception  is  made  up  in 
large  part  of  visual  and  verbal  {visual- aiiditory-kinaesthetic)  sense 
elements.  The  auditory  arid  kinaesthetic  elemeiits  {apart  from, 
the  role  ivhich  they  play  i?i  the  formation  of  the  verbal  idea'Y 
seemingly  for^n  but  a  small  part,  and  the  temperature^  taste,  and 
smell  elements  a  still  smaller  part,  of  this  'stuff.' 

16.  The  most  complete  form  which  the  visual  sense  elements 
take  is  that  of  an  ideal  reproduction,  more  or  less  faithful,  of  a 
typical  environment  as  represented  by  the  context.  Such  a  repro- 
duction is  common  only  with  visually -iniyided  observers  and  under 
optimal  conditions  of  attention.  It  is  usually  complicated  with 
other  sensible  and  affective  elements,  but  in  such  cases  the  visual 
elements  predominate  ayid  occupy  the  foc7is  of  attention. 

Illustrations:  "Not  a  man  ha[s]2  had  his  vote  refused  him."  L 
visualized  a  voting  card  and  a  polling  station.  The  vote  was  upon  the 
'license'  question.  The  consciousness  of  this  last  reference  took  the 
form  of  the  word  '  temperance  '  printed  with  a  capital  T.  There  was 
some  excitement  about  the  city  which,  in  the  ideal  reproduction,  took 
the  form  of  noise  memories.  Wh,  on  hearing  the  same  sentence,  vis- 
ualized the  interior  of  the  town  hall  of  his  native  city,  where  voting 
was  going  on. 

"  The  dogs  were  held  in  lea[sh]."  L  pictured  a  hunt,  with  a  num- 
ber of  horses,  dogs,  etc.,  in  the  foreground. 

"  The  principal  plants  indigenous  to  America  are  the  potato,  tobacco 


^Cf.  Titchener:  op  cit.,  p.  208;  Bawden:  op  cit.,  pp.  59-60;  Raj'mond 
Dodge:  Die  motorischen  Wortvorstellungen,  pp.  2-3. 

-A  letter  enclosed  in  brackets  [  ]  or  parenthe-ses  (  )  is  the  elided  letter  of  the  sen- 
tence. Where  the  brackets  are  used  the  elision  did  not  involve  the  misinterpretation 
of  the  word. 
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and  mai[ze]."  JF  visualized  maize  and  potatoes  growing  and  tobacco 
manufactured. 

"The  ship  could  be  traced  by  the  smoke  from  her  fu(nn)els."  IV 
misinterpreted  yV/( WW )^/^  as  bows.  She  reported  the  following  situa- 
tion :  "The  ship  was  on  fire.  I  was  on  another  ship  at  first,  and 
could  see  the  smoke  coming  over  the  horizon.  Then  I  was  on  the 
burning  ship  watchiug  the  smoke  coming  from  the  bows." 

"  The  safe  door  closed  with  a  sna[p],  and  the  cashier  was  a  helpless 
prisoner."  With  this  sentence  IF/i  had  a  "  vague  visualization  of  a 
man  standing  in  the  middle  of  a  bank  office.  The  safe  door  was  back 
of  him.  He  was  a  tall  man  with  a  smooth  face  and  a  derby  hat.  He 
had  a  valise  in  his  hand  and  appeared  to  be  startled  at  something. 
He  was  the  cashier."  In  this  case,  as  in  many  others  which  we  shall 
cite  later,  the  reference  was  not  in  every  way  consistent  with  the  con- 
text.     Il7t  remarked  upon  this  inconsistency  in  the  protocol. 

"A  balmy  bree[ze]  wafted  us  to  the  south."  Cs  reference  was  not 
immediate,  but  followed  some  seconds  after  she  had  repeated  the  sen- 
tence. She  visualized  a  river  between  two  banks.  "  The  river  seemed 
ver)-  long." 

"Gree[d]ih-  he  seized  and  ate  the  food."  JF/i  visualized  a  man 
eating  with  both  hands. 

"  63- goa[d]ing  the  oxen  constantly,  he  managed  to  move  slowly 
on."  After  the  sentence  had  been  repeated,  JFA  referred  it  to  a  coun- 
try road  near  Topsfield,  Mass.  He  visualized  a  yoke  of  oxen  and  a 
driver.  IF,  with  the  same  sentence,  visualized  an  ox-cart  and  a  man 
walking  beside  the  oxen. 

"  The  peti(ti)ou  received  some  attention."  L  misinterpreted /^^z- 
{ti)on  as  Acteoti,  which  he  took  to  be  a  Greek  name.  The  sentence 
referred  to  a  man's  reception — a  public  reception  to  a  famous  man — 
which  L  visualized,  together  with  a  Greek  audience  which  was  ap- 
plauding. 

"  He  sleeps  in  a  nameless  gra[ve]."  IVh  visualized  a  soldier's  grave 
on  the  side  of  a  hill  against  a  background  of  pines. 

"  The  seed  was  covered  with  a  white  fu(zz)."  L  interpreted  this 
sentence  as,  "  The  seed  was  covered  with  a  white  fog."  He  later  sup- 
plied sea  for  seed,  and  with  this  he  visualized  the  sea  enveloped  in 
fog  and  a  steamer  moving  through  it.  The  ideas  slow-speed  and 
fog-signal  (modalities  uncertain)  were  also  present. 

"The  sermon  was  unconscionably  lo[ng]."  ^F  visualized  a  "lot 
of  people  sitting  and  waiting  for  the  end  to  come.  It  was  very  quiet." 
She  did  not  see  the  preacher. 

"Ships  were  frequently  wrecked  upon  the  ree[f]."  L  visualized  the 
open  sea  off  the  Manacles,  and  in  it  a  ship  partially  submerged. 
This  was  supplemented  by  the  verbal  associate  '  Paris.' 

"  Schools  of  fish  are  found  off  the  ba[r]."  C  visualized  a  stretch  of 
sand,  the  3'ellowness  being  especially  noticeable. 

"  (Sh)ot  and  shell  were  poured  into  the  fort."  L  interpreted  this 
as  "Bombs  and  shell."  He  referred  it  visually  to  the  naval  manoeu- 
vers  off  Santiago.  He  visualized  a  "  definite  circular  arrangement  of 
ships  in  motion."  A  schematized  parabolic  curve  of  a  projectile,  and 
a  mass  of  white  smoke  were  also  imaged  visually. 

"  [CJaves  of  great  extent  honeycomb  the  hills."  Wh  visualized  the 
side  of  a  hill  pitted  with  small  holes. 

"  [K]een  business  men  perceived  the  opportunity."  Wh  associated 
this  successively  to  the  name  of  a  leading  business  man  of  his  native 
town  (auditory-verbal)  and  visualized  the  square  of  business  houses  in 
this  town. 
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"  [K]ept  in  damp  cellars,  the  tea  soon  spoiled."  L  referred  this 
visually  to  large  chests  of  tea  in  a  warehouse. 

"[KJiue  were  feeding  in  the  meadow."  L  visualized  an  open 
meadow  with  some  gray  hogs  feeding  in  it.  He  supplemented  ver- 
bally:   "  Five  and  a  half  per  hundred." 

The  observers  frequentl}'  gi^'^  ver:v  minute  and  exact  details 
of  their  visual  references.  A  particular  part  of  the  environ- 
ment is  taken  up  into  the  focus  of  attention  and  made  especially 
distinct  and  clear.  This  may  or  ma}'  not  represent  the  most 
significant  part  of  the  context. 

"  [S]and  had  been  heaped  upon  the  track."  IVh  visualized  a  rail- 
road track  about  ten  feet  away  and  four  or  five  feet  long.  A  heap  of 
sand  three  or  four  feet  high  was  piled  upon  it. 

"  [T]ubes  of  l^rass  were  filled  with  powder."  W  misinterpreted 
brass  as  grass,  and  the  latter  word  gave  rise  to  the  visual  idea  of  dusty 
grass.  .Later  this  gave  place  to  the  visual  idea  of  a  shining  brass 
tube. 

"  [H]it  the  nail  on  the  head."  Z  visualized  a  nail  and  a  hammer 
raised  as  if  to  strike  it.  The  sentence  was  also  apperceived  in  its 
figurative  significance. 

"  [Gjulls  followed  in  the  wake  of  the  steamer."  /,  referred  this 
visually  to  the  idea  of  a  bay  dotted  over  with  gulls.  "  Can  see  them 
swooping  down  in  their  curves."  L  was  convinced  that  this  was  ac- 
companied by  eye-movements. 

"[J]<^g^^oug  through  life  at  an  eas}- gait."  L  referred  this  to  a 
horse  trotting  along  a  country  road.  The  rhythmic  rise  and  fall  of 
the  haunches  and  harness  were  especiaUy  distinct. 

"  The  sil[v]er  lining  is  not  always  obvious."  Wh  visualized  a  mass 
of  red  clouds  as  seen  from  a  window  at  which  he  frequently  stands  at 
sundown. 

"The  mer(c)iful  conqueror  spared  his  enemies."  This  was  inter- 
preted by/-  as  "The  miracle  conjurer  stared  his  enemies."  It  was 
referred  visuall}-  to  the  '  medicine  man  '  of  a  savage  tribe  confronted 
in  his  practices  by  a  civilized  people.  "The  man  had  feathers  in 
his  hair;  his  skin  was  very  dark,  and  a  blanket  was  thrown  over 
his  shoulders." 

"The  wheel  had  worn  a  groo[ve]  in  the  iron  rail."  fF visualized  a 
finely  cogged  brass  wheel  about  one  inch  in  diameter.  "Forgot  all 
about  the  rail." 

"Before  the  invalid  awoke  from  his  slee[p],  the  doctor  had  re- 
turned." L  visualized  a  patient  in  a  hospital  cot.  "  Everything  was 
neat  and  clean."  The  situation  was  referred  to  Grace  Hospital, 
Toronto. 

"A  balmy  bree[ze]  wafted  us  to  the  south."  Z  referred  this  to  a 
trade-wind  (probably  in  verbal  terms)  and  visualized  a  sailing  vessel 
in  tropical  sea?.  "It  was  a  two-masted  schooner.  The  sails  were 
especiall}'  prominent  and  very  white." 

•'  The  man  betrayed  his  Sco[tch]  blood  by  his  accent."  Preferred 
this  to  a  professor  who  had  told  a  Scotch  story  during  a  lecture.  She 
visualized  the  man  as  standing  upon  the  platform,  the  head  and  shoul- 
ders being  the  prominent  features  of  the  image. 

"  A  mighty  shou[t]  went  up  from  the  assembled  multitude."  L 
referred  this  to  a  Roman  mob  addressed  by  Antony.  He  visualized 
Antony  holding  up  a  piece  of  drapery  to  the  gaze  of  the  crowd. 

"He  was  wont  to  bra[g]  of  his  great  deeds."  L  referred  this  to 
Bob  Acres  before  his  duel  with  Captain  Absolute.  He  visualized  a 
man  with  a  crestfallen  expression,  pointing  at  a  stile. 
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"That  splendid  ru[g]  came  from  the  Orient."  L  visualized  a  map 
of  the  eastern  Mediterranean,  the  Archipelago  being  represented  with 
great  detail.  Orient  was  visualized  with  a  capital  O.  There  was 
a  fleeting  image  of  a  typical  Turk,  supplemented  by  the  verbal  idea, 
'  Ottoman.' 

"The  howling  wind  set  the  windows  rattling  and  the  doors 
sla[mni]ing."  J^heardthe  slamming  and  the  rattling.  "The  cur- 
tains at  the  window  were  green."  (This  last  bit  of  introspection  shows 
how  irrelevant  are  some  of  the  details  that  come  into  the  focus  of  at- 
tention and  occupy  a  position  in  consciousness  which  is  quite  incon- 
sistent with  their  significance  to  the  '  meaning '  of  the  sentence.) 

"  I  had  often  witnessed  the  scene  he  had  been  descri(b)ing."  L 
interpreted  descri{b')ing  as  descrying.  The  conscious  contents  had 
reference  to  an  outlook  from  a  ship's  deck, — looking  at  a  distant  object 
through  binoculars.  L  also  visualized  a  number  of  persons  "shield- 
ing the  eyes  with  the  hand;  "  also  the  water  and  a  bulwark.  With  it 
all  he  noticed  a  strain  about  the  eyes, — a  '  squint.' 

"  We  were  to  travel  through  Kurope  on  bi[c]ycles."  Preferred 
this  visually  to  a  woman  of  her  acquaintance  who  expects  to  visit  Eu- 
rope in  this  way.  She  saw  her  climbing  a  hill  on  her  wheel.  "The 
day  was  bright  and  clear." 

"On  the  wall  hung  a  painting  and  two  e(tca)ings."  J^ referred 
this  to  two  long  high  walls  with  the  pictures  upon  them.  L  misinter- 
preted the  sentence  as,  "  On  the  wall  hung  a  picture  at  two  angles." 
He  visualized  an  unframed  screen  with  a  painting  upon  it.  This  was 
standing  in  the  corner  and  bent  to  the  angle  of  the  corner.  "  The  pic- 
ture was  very  large." 

"  He  went  into  business  with  his  fa[th]er."  L  referred  this  ver- 
bally to  a  plumber  and  visualized  a  dirty-faced,  lead-marked  man 
dressed  in  working  cottonades. 

"Crou(ch)ing  by  his  side  was  the  faithful  dog."  )If%  interpreted 
crouching  &^  following ,  and  visualized  a  man  and  a  dog.  "The  dog 
was  large  ;  the  man  poor  and  shabby.  The  dog  was  '  sneaking '  along 
with  his  head  down." 

"The  roof  was  supported  by  an  iron  bea(m)."  L  misinterpreted 
bea{in)  as  prop.  He  visualized  a  building  supported  from  the  side  by 
a  long  pole  or  buttress.  There  was  a  detailed  image  of  a  long  paral- 
lel epipedal  iron  support.  This  was  supplemented  by  the  idea  (modal- 
ity uncertain)  of  a  wind-storm  threatening  the  building. 

17.  The  form  which  the  visual  reference  most  commonly  takes 
is  that  of  an  ideal  reproduction,  7iot  of  the  co?itextually  represented 
environment  as  a  zvhole,  but  only  of  certain  parts  of  such  a?i  en- 
vironment;  the  visual  idea  merely  serving  to  reinforce  the  general 
conscious  contents  which  accompany  the  apperceptive  Process,  and 
not  necessarily  forming  the  focal  part  of  such  contents. 

Illustrations:  "  (Z)eal  is  not  lacking  for  the  enterprise."  This 
was  interpreted  by  Z,  as  "  vSteel  is  not  lacking  for  the  enterprise." 
While  the  sentence  meant  to  him  that  "backbone  and  force  were  not 
lacking,"  he  supplemented  this  interpretation  with  the  visual  image 
of  a  bayonet. 

"  [R]eed  instruments  are  replaced  by  string  instruments."  Wh  in 
this  connection  visualized  an  orchestra.  The  reed  instruments  were 
represented  b}^  clarionets,  the  string  instruments  by  violins.  These 
things  were  reproduced  very  vaguely.  With  the  same  sentence  L 
visualized  a  mouth  '  harmonica  '  and  a  banjo  ;  i.  e.,  the  generic  names 
reed  and  string  were  reduced  to  these  concrete  objects. 
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"The  army  comprised  some  ten  thousand  (m;en."  L  misinter- 
preted {m)efi  as  ants  and  later  as  tents.  With  ants  the  reference  was 
to  the  militarism  of  an  ant  colony.  Tents  gave  rise  to  the  visual  re- 
production of  a  militia  camping  ground  covered  with  white  tents. 
"The  latter  was  a  definite  picture,  the  former  only  a  word  and  the 
image  of  an  ant." 

"  Con(s)ider  for  a  moment  the  effects  of  the  measure."  This  was 
reported  by  Z  as,  "  It  bettered  for  a  moment  the  effects  of  the  meas- 
ure." L  visualized  a  "  lot  of  heads  and  one  man  standing  up,"  which 
represented  for  him  the  idea  of  a  legislative  assembly. 

"We  detected  a  faint  odor  of  [m]usk."  L  imaged  a  wet  muskrat, 
the  long  tail  being  especially  distinct. 

"  The  dim[l]y  lighted  chapel  was  filled  with  women."  Preferred 
this  visually  to  Sage  Chapel,  Cornell  University,  /^referred  it  to  the 
chapel  of  a  Chicago  hospital.  L  referred  it  to  the  interior  of  Sage 
Chapel. 

"The  un[m]apped  territory  of  the  earth  is  not  extensive."  L 
"  thought  in  a  general  way  "  of  government  surveys  and  visualized  two 
men  who  are  engaged  upon  the  coast  surve}^ 

"Ingen[io]us  contrivances  sometimes  earn  fortunes."  /^referred 
this  to  a  new  piece  of  acoustic  apparatus  in  the  psychological  labora- 
tory. Then,  by  way  of  the  fall-phonometer  which  stood  near  by,  the 
idea  of  '  slot-machine'  was  successively  associated. 

"  To  touch  the  he[m]  of  his  garment  would  cure  all  diseases."  ]Vh 
imaged  a  Sunday  School  chart.  C  visualized  a  garment  with  a  wide 
hem. 

"The  time  was  ri[pe]  for  a  concerted  movement."  L  referred  this 
to  Roberts's  campaign  in  South  Africa.  This  reference  was  partly  ver- 
bal and  partly  visual.  He  pictured  Roberts  and  the  outline  of  a  be- 
sieged city.  The  rest  was  supplemented  verbally  except  for  an  indefi- 
nite mass  of  soldiery. 

"  By  his  si[de]  crouched  the  faithful  dog."  W  "  saw  the  dog — a  yel- 
lowish brown  bird  dog.  He  had  been  mistreated  and  was  cringing." 
Wh  visualized  a  man  "  and  a  thin,  scrawny  dog  with  its  tail  between 
its  legs.     It  was  a  winter  scene." 

"Several  black  ba(ss)  were  caught  in  the  stream."  L  misinter- 
preted da(ss)  as  dear.  He  visualized  a  black  bear  and  a  deer  swimming 
in  a  stream.  The  prominent  idea  in  consciousness,  however,  was  con- 
nected with  the  laws  forbidding  the  killing  of  deer  during  certain 
seasons. 

"It  is  often  hard  to  reduce  a  compound  to  its  ele[m]ents."  The 
verbal  reference  'chemical  analysis'  was  probably  the  prominent  part 
of  /,'s  apperceptive  consciousness.  It  was  supplemented  bj'  a  vague 
visualization  of  a  number  of  test-tubes. 

"The  word  was  not  in  the  voca[b]ulary."  Z  referred  this  to  a  word 
in  Fechuer's  '  Elemente  der  Psj'chophj-sik.'  He  could  not  remember 
the  word  but  visualized  a  page  and  knew  its  position  on  the  page. 
IVk  with  the  same  sentence  visualized  Webster's  Dictionary. 

"  The  ring  was  set  with  ru[b]ies."  L  pictured  a  ring  with  a  beau- 
tiful setting.  This  was  accompanied  by  the  verbal  associate  '  mar- 
riage.' He  thought  particularly  of  the  coloring  of  the  stone  and 
wondered  if  it  was  explainable  on  the  same  principle  as  the  coloring 
of  pearls.  This  involved  the  visual  reproduction  of  a  diagram  of 
dispersion  phenomena. 

"No  one  doubts  the  moral  efficiency  of  re[p]entance."  Here  the 
visual  reproduction  of  the  gates  of  the  Auburn  prison  was  an  accessory 
part  of  L's  apperceptive  consciousness. 

"He  occupied  a  roo[m]  on  the  fourth  floor."     L  referred   this  to  a 
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building  on  the  uuiversity  campus.  He  visualized  the  Vjuilding.  C 
visualized  the  sauie  building.  Wh  imaged  a  dormitory  at  Brown  Uni- 
versity. None  appears  to  have  had  a  definite  visual  reference  to  the 
man  or  to  the  room,  the  building  monopolizing  the  visual  conscious- 
ness of  the  time. 

"  0[v]er  the  divide  was  the  promised  land."  Jl^  thought  of  divide 
visually  as  a  chasm  or  gulch.  With  L,  divide  suggested  a  log-boom 
in  a  river.  Promised  land  gave  rise  to  the  reproduction  of  picture  of 
Moses  on  Nebo,  which  L  had  seen  in  Sunday  School. 

"  A  dea[f]ening  roar  heralded  the  disaster."  Wh  visualized  an  ex- 
plosion, but  heard  nothing.  With  L,  roar  suggested  a  waterfall  in 
visual  terms  and  the  souud  of  a  waterfall  in  auditory  terms. 

In  all  the  above  examples  it  will  be  tioted  that  the  visual 
part  of  the  apperceptive  consciousness  is  frequently  supplement- 
ed \yy  other  references,  principally  verbal  in  character,  all  of 
which  function  together  in  apperception.  Now  this  group  of 
conscious  elements  comes  into  prominence,  now  that  group,  and 
only  the  more  striking  are  noted  in  the  introspective  reports. 
As  L  said  at  the  close  of  one  report:  "  The  interpretation  in- 
volves fragmentar)^  images,  now  of  this,  now  of  that  modality, 
lean  note  only  a  few  of  these,  but  there  are  others  there."  As 
to  the  importance  of  the  kinaesthetic  elements  upon  which 
Bawden'  has  laid  so  much  stress,  the  results  of  our  experiments 
permit  only  of  the  assertion  that  the  kinaesthetic  factors  very 
seldom  come  into  the  focus  of  consciousness.  Some  of  the  more 
typical  references  of  this  class  are  given  below  : 

"(Kn)eel  before  misfortune  if  you  will."  Wh  misinterpreted 
{kn)eel  sls  yield.  The  kinaesthetic  concomitants  of  kneeling  and  bow- 
ing were  present. 

"  [H]unt  for  the  word  in  the  dictionary."  L  experienced  the  'feel' 
of  rapidly  '  leafing  '  the  pages  of  the  lexicon  in  hunting  for  Greek 
words.  He  also  visualized  the  face  of  a  man  in  the  library  of  the 
University  of  Toronto, — 'a  big  fellow  with  a  blue  coat.' 

"[Sh]un  evil  companions."  HereZ,  along  with  a  verbal  an<l  visual 
reference  to  a  Sunday  School,  experienced  an  auditory-kinaesthetic 
reproduction  of  a  Sunday  School  song. 

"[J]oy  ^od  sorrow  are  sprinkled  about  equally  among  men."  Wh 
"interpreted  sprinkled  hy  a.  centrally-excited  arm-movement  idea  of 
scattering  seed." 

"Har[m]onious  relations  have  been  established."  Wh  reported  in 
the  protocol:  "  'Harmonious  relations'  means  a  smoothing  over; 
this  in  my  consciousness  is  the  image  of  an  outward  movement  of  the 
hands." 

"The  care  of  the  tee[th]  is  a  matter  of  importance."  Jf7/ experi- 
enced the  kinaesthetic  concomitants  of  brushing  the  teeth. 

"  He  was  not  su[re]  of  the  matter."  L  visualized  a  person  perplexed; 
/.  e.,  with  certain  characteristics  of  the  face  denoting  perplexity,  such 
as  the  drawing  together  of  the  eyes  and  a  general  tension.  L  repro- 
duced such  an  adjustment. 

"One  often  feels  the  nee[d]  of  exercise."  Wh  referred  this  to  the 
idea  of  bicycling.  In  this  idea  the  kinaesthetic  elements  were  pre- 
dominant, but  they  were  supplemented  by  verbal  and  visual  elements. 

^Bawden  :  op.  cit.,  pp.  65  ff. 
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He  imaged  himself  as  coming  up  a  sharp  incline  near  the  university 
library.  Just  before  hearing  the  sentence  he  had  been  conversing 
about  bicycling. 

"Every  man  possesses  an  ele[ni]ent  of  the  divine."  In  this  con- 
nection !{7i  experienced  a  kinaesthetic  'upness'  supplemented  by  a 
vague  visualization  of  clouds  and  the  verbal  idea,  'God.' 

"  He  was  unable  to  maintain  his  po[s]ition."  L  referred  this  to  the 
situation  a  public  lecturer  would  be  in  if  his  position  was  assailed. 
This  reference  took  form  in  "  internal  disturbances,  such  as  quailing." 

"Gri(p)iiig  pains  preceded  death."  L  misinterpreted  gri{p^ing 
as  lying.  He  had  a  verbal  and  kinaesthetic  reference  to  a  death  strug- 
gle.    This  involved  centrally  excited  muscle  and  strain  sensations. 

"Bo(wl)ir;g  is  an  excellent  exercise."  L  misinterpreted  bo{wl)ing 
as  rowing.  He  referred  the  sentence  to  an  experience  in  camping, 
the  promineut  part  of  the  recollection  being  the  'feeling'  of  a  well 
muscled  arm. 

"  He  was  wrapped  in  the  soundest  slee[p]."  Z,  visualized  a  man 
wrapped  in  a  blanket,  and  referred  the  sentence  to  the  idea  of  calm- 
ness and  rest  iu  terms  of  muscular  relaxation. 

"  It  is  said  that  there  is  alwa5-s  roo[m]  at  the  top."  Here  again  Wh 
experience  i  the  kinaesthetic  idea  of  '  upness.' 

"  As  a  joke  it  was  simply  hu[ge]."  fF/i  noted  a  "  motor  laughter 
fringe  "  as  a  prominent  part  of  the  apperceptive  consciousness. 

Purely  auditory  supplements  are  met  with  in  the  reports 
much  more  infrequently  than  kinaesthetic  supplements,  and  it 
may  be  inferred  that  they  very  seldom  come  into  the  focus  of 
attention  during  the  apperceptive  process.  A  few  examples 
are  given  below  : 

"He  had  been  shot  through  the  chest,  and  lay  on  the  ground 
wri[th]ing."  Preferred  this  to  a  wounded  soldier;  he  "seemed  to 
hear  him  groan." 

"They  were  almost  stunned  by  the  concu[ssi]on."  L  imaged  the 
sound  of  blasting,  and  accompanied  this  with  a  motor  adjustment 
about  the  face. 

"The  concussion  was  dea[f]euing."  Here  ^experienced  a  "pecu- 
liar sensation  in  the  ears." 

"The  man  betrayed  his  Sco[tch]  blood  by  his  accent."  L  imaged 
a  large,  freckled-faced  Scotchman;  "  seemed  to  hear  a  Scotch  '  twang.'  " 

In  the  sentences  already  cited,  "Not  a  man  ha[s]  had  his  vote  re- 
fused him,"  and  "  A  dea[f]ening  roar  heralded  the  disaster,"  iL  re- 
ported auditor}'  references,  in  the  first  case  to  the  noise  of  a  city  on 
election  night,  and  in  the  second  case  to  the  roar  of  a  waterfall. 

Taste  and  smell  elements  may  be  said  to  play  a  very  unim- 
portant part  in  the  ordinary  apperceptive  consciousness.  The 
following  sentences  gave  the  only  instances  of  such  references. 

"  Diseased  tissues  are  studied  by  pa[th]ologists."  W-'^referred  this 
to  the  idea  of  a  biological  laboratory.  This  was  mainlj'  visual  but 
was  supplemented  by  a  centralh^-excited  olfactory  sensation. 

"  The  fire  was  almost  smo[thJered."  L  visualized  a  dense  black 
smoke.  He  experienced  a  stifling  'feeling'  in  his  throat  and  nose, 
and  reproduced  ideally  the  odor  of  smoke. 

"We  detected  a  faint  odor  of  [m]usk."  L  ideally  reproduced  a 
vague  and  indefinite  musk  odor. 

"(J)am  is  generally  liked  by  the  small  boy."      fF/^  misinterpreted 
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(j)a7n  as  ha/n  and  ideally  reproduced  a  faint  taste  of  ham.     (This  was 
just  before  the  hmch  hour.^ 

Temperature  elements  were  noted  in  only  two  instances: 

"The  winter  came  and  the  river  fro[ze]."  IV  had  a  faint  ideal  re- 
productiou  of  a  sensation  of  cold. 

"The  howling  of  the  wolves  disturbed  our  slee]p]."  Z,  visualized 
a  mountain  side  covered  with  snow.  This  idea  was  supplemented  by 
temperature  images. 

18.  Verbal  ideas  exist  inore  freqnently  as  associative  or  con- 
textual supplements  than  as  the  focal  objects  of  the  apperceptive 
consciousness. 

Illustrations:  "  TDJeeds  of  kindness  are  seldom  appreciated."  L 
visualized  a  person  of  his  acquaintance  who  proved  himself  ungrate- 
ful for  a  service  rendered  him.  This  was  verbally  supplemented  by 
'  ingratitude.' 

"The  navy  consisted  of  two  ships  and  abri[g]."  C  was  unable  to 
remember  the  distinguishing  characteristics  of  a  brig.  She  visualized 
a  Norwegian  barge  of  ancient  type  and  verbally  supplemented  the 
date  -418.' 

"The  siege  was  interrupted  byatru(ce)."  This  was  misinterpre- 
ted by  L  as  "The  speech  was  interrupted  by  a  True."  True  meant 
to  him  the  name  of  a  man.  It  was  associated  with  '  Blue,'  the  name 
of  a  French  Canadian  partisan. 

"  [T]ips  from  good  authorities  cause  some  activity  in  the  market." 
Aside  from  a  focal  visual  reference,  L  supplied  the  verbal  supplements 
'wheat,'  'board  of  trade.' 

"  [H]old  fast  to  that  which  is  good."  L  associated  the  names  '  Paul,' 
'  New  Testament.' 

"  [Schjools  of  fish  were  found  off  the  bar."  L  visualized  a  fleet 
of  smacks  off  Newfoundland  in  a  fog.  The  nets  were  tangled  and  the 
fish  could  be  seen  through  the  meshes.  The  word  school  was  taken  in 
its  educational  significance  and  was  supplemented  by  a  vague  visual 
idea  of  a  schoolhouse — a  large  stone  building. 

"  (J)ute  is  a  product  of  the  tropics."  {J)2ite  was  misinterpreted  by 
L  asjuch.  This  word  was  referred  visually  to  a  picture  of  Emma  Juch, 
the  opera  singer,  and  was  verbally  supplemented  by  the  words, 
'Toronto  Opera  House.' 

"The  pur[p]ose  of  religion  is  ethical."  Wh  referred  this  verbally 
to  'Tarde.' 

"The  still[n]ess  was  appalling."  JVh  verbally  associated  the  terms 
'lake,'  'solitude.' 

"  The  chan[g]es  in  the  course  were  misleading."  L  visualized  the 
catalogue  of  Toronto  University  and  supplemented  it  verbally  with  the 
word  'curriculum.'  L  also  visualized  the  peculiar  expression  on  the 
face  of  an  old  professor  who  remarked  that  one  could  find  nothing 
that  one  wished  to  find  in  a  university  catalogue.  "The  face  was  all 
screwed  up." 

"An  an(ci)ent  proverb  is  often  a  modern  fallacy."  L  first  interpre- 
ted an{ci^ent  as  Indian,  and  immediately  supplemented  verbally  the 
phrase:  "The  only  good  Indian  is  a  dead  Indian."  This  suggested 
that  the  white  man's  proverbs  are  often  fallacies,  and  then  ancient 
suddenly  came  up  to  replace  Indian. 

"  The  army  was  sa[fe]  behind  its  trenches."  Wh  had  a  vague  vis- 
ualization of  a  trench  filled  with  men, — probably  a  reproduction  of  a 
newspaper  sketch.     This  was  verbally  supplemented  by  'Boers.' 

"It  was  rumored  that  the  war  was  o[v]er."      Wh'^  first  reaction  was 
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verbal,  'Boers.'  L  visualized  a  mass  of  soldiery  and  verbally  supple- 
mented 'Roberts.' 

"The  flocks  were  watched  by  she[ph]erds."  fF visualized  a  Sun- 
day' School  card  and  verbally  supplemented  the  phrase:  "Shepherds 
watched  their  flocks  by  night." 

"  I  caught  the  words  he  Avas  dro[pp]ing."  L  referred  this  (in  pre- 
dominantly visual  terms)  to  one  person  in  an  auditorium  listening  to 
another  speaking  at  a  long  distance.  This  was  supplemented  verb- 
ally by  'heavy.' 

19.  When  the  verbal  ideas  occupy  the  focits  of  consciousness, 
they  Hsualiy  take  the  for?n  of  antithetical  or  explanatory  clauses. 
Such  clauses  are  sometimes  fowid  as  the  verbal  supplements  of  the 
focal  idea.  The  sciitences  which  le7id  themselves  viost  readily  to 
these  antitheses.,  co^npletions,  and  supplementings,  are  usually 
short  sc7itences  which  arouse  a  viinimu7n  of  visual  i^nagery,  and 
in  which  the  affective  eleme?it  is  strong ;  they  often  awake?i  in  the 
hearer  an  attitude  of  dissatisfaction,  a  m^ood  of  humor,  or  a 
feeling''  of  hicompleteness. 

Illustrations:  "[P]uns  are  jokes  of  a  low  order."  Z,  immediately 
added,   "And  therefore  discredited  as  witticisms." 

"[H]eed  the  advice  of  an  elderly  woman."  IVh  supplemented: 
"Pity  the  sorrows  of  a  poor  old  man,  but  heed  the  advice  of  an  elderly 
woman." 

"  We  did  not  see  the  train  approa[ch]ing."  Ws  immediate  reaction: 
"Were  they  run  over?"  Then  came  a  visual  reference  to  a  kinetescope 
reproduction  of  a  railroad  collision.  The  kinetescope  films  were  run- 
ning backwards. 

"  His  death  must  be  reported  to  the  au[th]orities."  Z-'s  verbal  re- 
action,  "Yes,  death  and  birth  registrations  are  compulsory." 

"To  slee[p]:  perchance  to  dream:  ay,  there's  the  rub."  While  the 
phonograph  was  repeating  the  sentence,  Wh  said  to  himself,  "He's 
quoting  Shakespeare." 

"In  her  arms  she  held  the  ba(be)"  L  pictured  in  her  arms  as  a 
printed  phrase.  Later  there  came  up,  "  In  her  arms  she  held  the  bay.'''' 
L  could  not  tell  how  this  came;  he  "heard  babe  very  distinctlj'."  As 
a  matter  of  fact,  ba{be)  was  mutilated  and  sounded  ba.  Ba  must  have 
been  present  in  the  fringe  of  consciousness,  but  before  it  came  into  the 
focus  it  had  been  associatively  supplemented  into  babe.  Then  the 
original  impression  became  focalized  and  bay  was  apperceived. 

"The  scientist  maj"^  claim  his  kinship  with  thea[pe]."  IVs  first 
reaction:   "A  preacher  must  have  said  it." 

"One  man  broke  a  rib  and  a  collar-bo[ne]."  Z  visualized  a  rib  and 
verbally  supplemented  the  sentence  with  the  phrase:  "Pretty  badly 
damaged.     How?     By  a  fall?     Accident?     Intentional?"     "Platitude. 

"A  loss  will  alwaj-s  be  greater  or  le[ss]."     L^s  reaction: 
What  of  it?"     Affective  tone,  very  unpleasant. 

20.  Occasionally  the  observer's  apperceptive  process  anticipates 
the  succession  of  symbols  constitutiyig  the  objective  stimuli  atid 
formiiig  the  spoken  sentence.  This  pheiiomenoyi  is  probably  often 
U7inoticed  becatcse  the  prematuy^e  appe}'ceptio7i  tallies  with  the  com- 
plete interpretatio7i;  b7it  someti7nes  this  coiyicidence  fails,  and  the 
observer  is  co7iscious  of  a  disti7ict  '  bios'"  for  aiiother form  of  com- 
pletion,— a  bias  zvhich  freque7itly  exp7esses  itself  i7i  verbal  terms. 
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Illustrations:  "Of  all  that  little  band  of  ineu,  he  was  the  bra[v]est." 
C  did  not  hear  band  of  men  distinctly,  and  misinterpreted  it  as  the 
nonsense  word,  valment.  She  wished,  however,  to  insert  regitnetit  and 
would  have  done  so,  had  the  sounds  which  she  heard  warranted  it. 
The  word  regiment  was  consciously  present  as  an  incipient  laryngeal 
innervation.     She  felt  it  "echo  and  re-echo  in  her  throat." 

"One  cannot  deu}' that  most  office  holders  are  ra[p]acious."  IVh, 
C,  and  L  wished  to  make  it  post-office  instead  of  most  office.  This  is 
simply  a  prejudice  in  favor  of  a  more  familiar  combination  of  sounds. 

"  The  hedge  needed  pru[u]iug."  Wh  had  already  supplied  trimtning 
before  pruning  was  perceived.  He  had  also  visualized  a  hedge  around 
a  small  white  house.     This  last  was  a  boyhood  recollection. 

"He  had  left  word  that  he  would  be  extremely  bu[s]y."  Before 
the  last  words  were  perceived  by  H  ,  she  had  already  supplied  "  would 
not  be  at  home." 

"For  conquest  he  had  a  strange  i(tch)ing."  L  misinterpreted 
i{tcb)i)ig  as  a/w,  but  had  a  prejudice  in  favor  of  ambition  and  with  this 
verbal  idea  had  already  supplemented  a  visualization  of  Bonaparte. 

"That  the  man  was  bra(ve)  no  one  could  deny."  C  wished  to  say, 
"That  the  man  was  to  blame,  etc.,"  but  she  misinterpreted  man  as  well 
as  bra{ve),  and  finally  reported  the  sentence,  "That  the  demand  was 
blame,  no  one  could  deny."  This  was  referred  visually  to  an  ab- 
sconding official  whose  defalcation  was  just  then  the  sensation  of  the 
hour. 

"He  desired  to  li[ve]  in  luxury  while  he  could."  IVb  "wished  to 
make  it  come  out  something  about  the  '  lap  of  luxury.'  " 

"  No  one  dared  to  lau(gh)  at  the  situation."  IVb  tried  to  make  it 
into:   "  No  one  dared  to  analyze  the  situation." 

"  Not  one  in  te[n]  knew  of  the  transformation."  C  would  rather 
have  said  transaction,  which  would  have  meant  to  her  "a  change  in 
partners." 

"  That  the  movement  was  ra(sh)  coi:ld  not  be  denied."  IVh  visual- 
ized an  army  mancsuvering  in  the  field  and  supplemented  the  word 
'  Boers.'  He  had  an  impulse  to  make  the  mutilated  word  into  rare. 
He  "  heard  the  two  sentences  pass  through  his  mind." 

"The  fa(th)er  who  is  wise  may  use  the  rod."  H^h  first  interpreted 
fa{ib)er  as  farmer,  and  expected  the  sentence  to  be,"  The  farmer  who 
is  wise  may  do  so  and  so."  When  father  was  supplied,  the  phrase, 
"Spare  the  rod  and  spoil  the  child,"  was  supplemented. 

"  The  co[ll]ar  which  he  wears  is  number  sixteen."  IV  had  antici- 
pated "  The  collar  was  soiled,"  and  had  visualized  a  soiled  collar. 

21.  In  the  observers  tested,  reactions  ivhich  were  ^professionar 
in  character  were  almost  ahvays  verbal  inform} 

Illustrations:  "The  light  was  di[m]  and  faltering."  Wb  had  a 
vague  visualization, — "  too  faint  to  describe."  Afterwards  he  thought, 
largely  in  verbal  terms,  of  the  difficulty  of  getting  a  standard  illumi- 
nation in  experiments  upon  optics.  C  referred  the  same  sentence  to 
the  construction  of  the  laboratory  dark  room. 

"  Pleasure  and  pai[n]  are  the  extremes  of  feeling."  L  "  figured  '  p- 
p'  in  print"  as  his  note-book  abbreviation  for  'pleasure-pain  '  theor- 

^Cf.  Stanley,  H.  M.:  Language  and  Image,  Psychological  T^eview,  Vol. 
IV  (1897),  p.  71.  Cf.,  also,  Philippe,  Jean,  Revue  Philosophique 
Vol.  XL/IV  (1897),  p.  523:  "  Moins  les  images  sont  nombreuses,  plus 
elles  sont  concretes  ;  elles  se  generalisent  et  perdent  leurs  caractferes 
individuels  et  particuliers  a  mesure  qu'on  les  renouvelle." 
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ies.  He  associated  a  verbal  supplement :  "  Many  think  that  pleasure- 
pain  is  everything  in  feeling." 

"  E.e(p)eutance  is  not  in  itself  constructive."  L  interpreted  the  first 
word  as  re-cntrance.  He  also  verbalized  the  logical  definition  of  mental 
construction. 

"  Pro[v]iug  another's  error  is  a  negative  process."  L  visualized  error 
as  a  printed  word,  and  associated  the  sentence  with  the  idea  of  nega- 
tion in  Hegel's  dialectic.     This  was  largely  in  verbal  terms. 

"  Phi(l)istiuism  is  a  latter-day  virtue."  L  misinterpreted  Thi{l)istin- 
ism  as  Chn'stianisir, ;  Latter-day  suggested  saints  and  the  expression  in  '  He- 
brews,' "  These  latter  days."  Z  visualized  this  in  print  (Greek),  and 
translated  it  verbally  into  English.  He  "  saw  it  on  a  page  of  his  Greek 
testament." 

"Phi[l]osophy  is  the  matrix  of  science."  IVh  associated  this  in 
'  thought '  terms  with  Spencer's  doctrine  of  the  relation  between  sci- 
ence and  philosophy. 

22.  Certain  '  turns  of  speech  '  are  constantly  referred  to  cer- 
tain tiniforni  ''sets'  or  patterns  of  ideatio7ial  material.  Such  sets 
or  patterns  may  be  called  '  constant  supplements  '  or  '  type  asso- 
ciates. '  ^ 

Illustrations:  "  [SJales  of  wheat  were  very  large."  Whenever  the 
term  wheat  is  used  in  this  or  in  a  similar  connection,  IVh  visualizes  a  farm- 
ing scene  in  the  northwest, — a  reproduction  of  a  picture  in  his  school 
geography. 

"  [TJii^s  from  good  authorities  caused  some  activity  in  the  market." 
With  the  word  trps,  L  constantly  images  a  man's  hand  in  a  '  sly  '  posi- 
tion, as  if  handing  money  to  a  waiter. 

"  [T]ops  of  distant  mountains  could  be  seen."  The  word  mountains 
with  L  is  constantly  supplemented  by  a  visualization  of  a  distant  range 
of  mountains  which  he  once  saw  in  Manitoba.  "  They  are  hazy  in  the 
distance." 

"  [F]ame  does  not  alwaj-s  accompany  poverty."  L  notes  that  he 
constantly  rti^rs  fame  to  the  visual  idea  of  Lincoln  as  a  farm-hand. 

"  [Schjools  of  fish  were  found  off  the  bar."  With  references  to 
sea,  IVh  constantly  associates  a  stretch  of  green  water  bordered  by  a 
narrow  strip  of  yellow  sand. 

"  [CJaves  of  great  extent  honeycomb  the  hills."  L  constantly  sup- 
plements the  word  Iioneyconib  with  the  visual  idea  of  Hell  Gate  rock 
artificially  honeycombed  for  the  blasting  powder  which  is  to  destroy 
it.  He  pictures  the  rock  "bored  by  a  great  system  of  holes  and 
elaborately  charged  for  explosion." 

"  [Kjeen  business  men  perceived  the  situation."  With  keen,  L  con- 
stantly envisages  a  knife  blade  about  two  inches  long  and  very  sharp. 

"The  Irish[m]an  is  famous  for  his  ready  wit."  With  Irishman  IV's 
constant  supplement  is  the  visual  idea  of  a  Joricklayer  with  a  red  beard 
supplemented  by  the  auditor}^  idea  of  a  pronounced  brogue. 

"The  in[f]inite  reaches  of  space  baffle  the  imagination."      With 

^Galton  has  called  attention  to  this  phenomenon.  Cf.  Inquiries  into 
Human  Faculty.  London,  1883,  pp.  157  ff.  Cf.,  also,  cases  cited  by 
Whipple,  G.  M.,  this  Journal,  Vol.  XI,  No.  3  (1900),  p.  391;  also 
Philippe,  op.  cit.,  p.  524:  "Cepeudant  il  faut  bien  noter  que  cette  ten- 
dance a  la  generalisation  se  fait  jour  d^s  I'eutree  du  groupe  d'lmages 
et  semble  se  manifester  tout  d'abord  par  la  tendance  d'une  certaine 
image  a  dominer  toutes  Ies  autres  et  a  Ies  absorber.  II  se  forme  en 
quelque  sorte  un  centre  de  generalisation,  vers  lequel  convergeront 
naturellemeut  Ies  images  a  veuir." 
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»w/?>«7^,  ff^  always  experiences  a  ceutrally-aroused  blackness  of  great 
extent,  in  the  center  of  which  she  is  standing.  Injinite  time  is  a  river 
flowing  very  slowly — "  not  another  thing  around  it." 

"You[d]er  is  the  librarj-  building."  With  jouder,  L  constantly  visu- 
alizes a  hand  pressing  forward.  With  mysterj',  L  experiences  a  centrally- 
aroused  blackness. 

"  Drin[k]ing-water  should  be  boiled."  L  referred  this  verbally  to 
'Toronto.'  With  Toronto, Iiq  has  the  constant  visual  supplement  of 
the  city  as  seen  from  the  water-front. 

"  The  dim[l]y  lighted  chapel  was  filled  with  women."  L  referred 
this  to  Sage  Chapel,  Cornell  University.  In  this  connection  he  asso- 
ciated verbally  '  President  Schurmau.'  This  name  is  constantly  sup- 
plemented by  the  image  of  a  large  man  in  gray  clothes.  (Z.  had  at 
that  time  never  seen  President  Schurman.) 

"  The  religious  spirit  is  predominantly  e[m]otioual."  ^verbally 
associated  "  shrine  "  which  brought  up  its  supplement, — the  image  of 
a  figure  kneeling  before  a  confessional. 

"  Gluttony  is  an  euphemism  for  stu[ff]ing."  L  has  the  constant  ver- 
bal supplement  '  Sir  Walter  Scott '  with,  enphemistn.  It  was  in  one  of 
Scott's  novels  that  L  first  saw  the  term. 

"He  went  into  business  with  his  fa[th]er."  With  business,  IVh  con- 
stantl)'  envisages  the  business  square  of  his  native  town. 

"He  waslost  inama[ze]  of  verbalism."  L  verbally  associated  '  logom- 
achy '  and  visualized  a  person  "  throwing  off  words  that  didn't  mean 
anything."  This  led  to  the  verbal  associate  'tongue-tangle'  which 
brought  up  its  constant  supplement,  the  visual  idea  of  a  mass  of  knot- 
ted thread. 

"Fe[tch]ing  and  carrying  is  the  portion  of  the  slave."  With 
slave,  IV  always  visualizes  a  stout  negro  and  the  background  of  a  south- 
ern plantation  house. 

"The  structure  was  simply  stu[p]endous."  With  stupendous,  L  asso- 
ciates the  image  of  a  high  cliff.  With  decision,  L  sees  Cromwell's  face, 
particularly  the  lower  jaw. 

"Clo[th]ing  is  necessary  in  cold  climates."  IVh  has  with  cold,  a 
constant  reference  to  a  picture  in  his  school  geography  representing 
an  Arctic  scene. 

"  Be[y]ond  matter  is  spirit."  With  beyond,  L  constantly  visualizes  a 
chasm. 

23.  Particular  parts  of  a  context  are  often  visualized  as  printed, 
or  heard  out  separately  {^  auditized''').  This  usually  occurs  (a) 
when  there  is  a  conflict  between  two  ivords  which  resemble  07ie 
another  in  sound,  (f)  when  a  word  is  quite  U7ifa?tiiliar,  and  {c) 
when  the  word  is  very  important  to  the  'meaning''  of  the  entire 
sentence. 

Observers  of  the  auditory  t3'pe  tend  to  hear  the  word  spelled 
out  or  pronounced  verj^  distinctly,  observers  of  the  visual  type 
tend  to  see  it  printed.  It  is  obvious  that  both  these  operations 
tend  to  concentrate  the  attention  upon  the  word  in  question. 
In  the  visually  minded  observers,  the  attention  is  more  easily  fixed 
upon  visual  ideational  elements  than  upon  auditory  ideational 
elements,  hence  the  tendency  to  translate  the  sound-symbols 
into  visual  symbols.  L's  ability  to  see  clearly  only  part  of  the 
word  at  a  time, — three  or  four  letters  at  the  most  being  simul- 
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taneously;distinct, — is  in  accord  with  Raymond  Dodge's^  results 
in  the  analysis  of  the  verbal  idea. 

Illustrations:  "  Di[v]ersity  of  interest  may  not  be  a  bar  to  friend- 
ship." Z,  visualized  diversitv,  interest,  a.nd  friendship.  The  latter  gave  a 
particularly  distinct  fr  at  the  beginning;  the  rest  not  so  clear. 

"  The  re[v]elation  of  the  universe  may  be  variously  interpreted."  L 
found  flaws  in  revelation  and  variously,  which  led  him  to  visualize  both 
words  as  printed. 

"The  older  animals  are  harder  to  ta[me]."  /.visualized  animals,  ««»' 
being  especially  distinct. 

"As  a  Russian  he  was  a  typical  Scla[v]."  /.visualized  Russian  with 
an  especially  large  R.  Sclav  was  also  visualized,  v  being  very  clear. 
All  this  was  immediate  with  the  sound  of  the  words. 

"  It  was  a  remarkably  clever  tra[p]."     L  visualized  ark  of  remarkablv- 

"  He  seemed  to  te[ll]  the  truth."  Cimagined  the  magazine  '  Truth,' 
visualizing  the  title  very  distinctly.  Immediately  afterward,  truth 
was  reproduced  auditorily. 

"  It  was  an  ele[m]eut  of  which  the  community  was  well  rid.  L 
imaged  the  ele  of  elements. 

"The  dogs  were  held  in  lea[sh]."  Cwas  not  familiar  with  the  term, 
leash.  She  had  heard  it  before,  once  or  twice  at  most.  She  "had  a 
tendency  to  spell  the  word  out." 

"They  went  early  to  avoid  the  ru[sh]."  To  L,went  sounded  like 
wept.  IVent  was  liually  confirmed  by  the  context  and  was  then  visual- 
ized and  auditized. 

"  The  idea  was  very  va[gue]."  L  visualized  the  word  idea,  and  noted 
a  tendency  to  put  r  on  the  end  of  it. 

24.  IVit/i  certain  types  of  sente'tues  the  references  of  the  vari- 
ous observers  are  approximately  identical.  These  are  usually 
(a)  sentences  in  which  the  'meanhig''  is  unequivocal;  (b)  sentences 
in  tvhich  a  certain  word  or  ''turn  of  speech''  suggests  a  familiar 
proverb  or  stereotyped  phrase;  and  (r)  sentences  which  refer  to 
local  or  comino7i  objects  and  events. 

This  identity  of  reference  was  not  met  with  frequentl}',  and 
this  fact  leads  one  to  doubt  Stout's^  conclusion  that  language 
as  a  means  of  communication  '  'serves  to  fix  the  attention  of  the 
hearer  on  the  ideallj'  represented  objects  present  in  the  mind  of 
the  speaker.  '■ '  At  least  such  a  statement  is  only  part  of  the 
truth.  Symbolic  communication  serves  indeed  to  transmit  the 
experience  of  the  speaker  to  the  hearer,  but  the  manner  in 
which  the  speaker's  'meaning'  is  taken  by  the  hearer  is  condi- 
tioned entirely  b}^  the  hearer's  own  experience.  lyanguage 
does  not  fix  the  attention  of  the  hearer  upon  the  experience  of 
the  speaker;  it  rather  places  the  hearer  in  an  ideally  construct- 
ed experience  which  approximates — and  generally  only  very 
roughly — to  the  experience  of  the  speaker.  This  fact  is  more 
clearly  shown  under  25,  below. 

Illustrations:     "By  his  si[de]  crouched  the  faithful  dog."     W,    L 

1  Dodge,  R.:  op.  cit.,  pp.  14-15. 

2  Stout,  G.  F.:     A  Manual  of  Psychology.     London,  1899,  p.  452- 
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and  IVb  all  visualized  a  man  with  an  ill-kempt  dog  cringing  at  his  feet. 
In  Z-'s  visualization  the  man  was  represented  as  dead. 

"A  sulphur  or  a  vapor  ba[th]  is  recommended  for  the  complaint." 
L  and  IVh  .imaged  a  vapor  bath  cabinet  such  as  is  advertised  in  the 
magazines. 

"The  evil  will  remain  as  lo[ng]  as  men  are  human."  L  and  Cim- 
niediatel)'  associated  verbally  the  proverb,  "To  err  is  human,  to  for- 
give, divine." 

"The  bank  was  slo(p)ing."  Land  W^  misinterpreted  slo{p)ing  as 
closing.  Each  visualized  a  familiar  bank  building.  L  supplemented 
his  visualization  by  the  verbal  associates,  "Saturday,  one-o'clock,  too 
late."i 

"The  structure  was  simply  stu[p]endous."  IVh  at  first  referred 
this  indefinitely  to  Ramon  y  Cajal's  schema  of  thechiasma.  Later  he 
visualized  a  'sky-scraper'  in  New  York.  With  the  same  sentence  L 
visualized  a  Chicago  'sky-scraper.' 

"The  voca[b]ulary  is  an  important  part  of  the  book."  L  and  IV  re- 
ferred this  visually  to  the  first  Latin  exercise  books  which  they  had 
used. 

"They  shou[t]ed  lies  to  each  other  across  seas  of  misunderstanding." 
IVy  L  and  IVh  each  supplemented  this  sentence  with  a  visual  reference 
to  the  ocean. 

"They  are  goods  which  will  wa[sh]."  W^  visualized  the  interior  of 
a  store.  A  salesman  was  impressing  upon  a  customer  that  the  goods 
would  wash.  The  counter  was  covered  with  blue  ginghams.  L  vis- 
ualized a  similar  scene,  but  not  with  such  detail;  he  supplemented 
this  with  the  verbal  idea  'fast  colors.'  IVh  visualized  the  interior  of 
a  store.  The  counter  was  a  little  to  his  left.  The  goods — cheap  dress 
goods — were  laid  out  in  rolls.  The  clerk  was  bending  over  the  coun- 
ter and  earnestly  making  the  statement  that  the  goods  would  wash. 

25.  The  imagery  which  apperception  involves  is  not  always 
consistent  with  the  significance  of  the  context ;  yet  this  does  not 
necessarily  mean  that  the  significance  is  inadequately  apperceived. 

The  ideally  reconstructed  environment,  if  visual,  may  include 
objects  the  absence  of  which  the  speaker  clearly  intended 
the  sentence  to  indicate ;  or  there  may  be  in  the  field  of  the 
apperceptive  consciousness  a  complex  of  irrelevant  elements. 
Stout  ^  says  that  the  ' '  word  only  calls  up  what  is  relevant  to 
the  controlling  interest  of  the  thought,"  but  what  is  relevant 
differs  with  speaker  and  hearer.  In  both  cases  it  is  determined 
by  the  'personal  equation,'  by  differences  in  experience,  by  the 
quality  of  the  '  apperceptive  '  material. 

Illustrations :  "  They  were  skating  on  the  i[ce]."  L  visualized  the 
surface  of  Lake  Cayuga,  unfrozen. 

"The  judge  wore  the  ermine  ro[be]."  Wh  visualized  a  man  repre- 
senting the  judge,  but  the  details  of  his  costume  did  not  come  into 
clear  consciousness. 

"  They  were  woven  on  an  old-time  loo[m]."  W^  referred  this  to  a 
modern  woolen-mill. 

"  Pollu[ti]on  of  the  ballot  is  the  curse  of  democracy."  Here  L  had  a 
verbal  reference  to  '  ballot,'  but  visualized  muddy  water. 

1  Cf.  Dodge,  R.:     op.  cit.,  p.  11. 
^Stout:  op.  cit.,  p.  462. 
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"The  council  chose  the  si[te]  for  the  new  building."  IVh  referred 
this  in  a  vague  way  to  the  Common  Council  of  Salem,  Mass.  He 
visualized  a  building  in  Ithaca,  but  not  a  public  building. 

26.  Distraction  of  the  attention  militates  agahist  the  co?}iplete 
apperception  of  the  meaning  of  the  sentence.  This  distraction  is 
frequently  caused  by  some  peculiarity  in  the  mechanism  of  the 
sentence,  such,  e.  g.,  as  the  mutilatio7i  of  an  itnportant  word. 

While  this  principle  as  formulated  above  is  an  induction  from 
the  introspective  data,  it  would  follow  a  priori  from  our  con- 
ception of  apperception  as  the  functional  aspect  of  attention. 
In  many  of  the  instances  which  are  cited  below,  the  observer 
has  '  a  vague  idea  '  of  what  the  sentence  means.  Thej^  might 
be  called  instances  of  an  incomplete  or  partial  apperception, 
and  no  small  part  of  our  communicative  experience  is  probably 
of  this  kind.  As  a  rule,  however,  both  the  efficient  expression 
of  symbols  and  the  efficient  interpretation  of  symbols  are  pos- 
sible only  under  stress  of  the  attention:  the  processes  involved 
seldom  become  automatic,  and  when  automatic  fail  to  function 
with  efficiency.^ 

Illustrations  :  "  The  evil  will  exist  as  lo[ng]  as  the  race  is  human." 
IVh  repeated  the  sentence  mechanically,  but  it  was  characterized  by 
him  as  "only  words;"  it  aroused  no  associations.  The  attention  was 
distracted  throughout. 

"  It  was  a  mo[m]ent  that  was  most  irapressive."  Wh  "  kept  think- 
ing of  the  voice  ;  it  sounded  excited  ;  had  no  apperception  of  the  mean- 
ing." 

"The  cloth  will  fa[de]  if  exposed  to  the  sunlight."  IVh  reports  his 
attention  at  a  low  ebb.  He  did  not  hear  cloth  or  fade  until  the  sentence 
was  finished.  Afterward  he  visualized  the  place  at  his  home  where 
fabrics  are  bleached  by  being  spread  upon  the  grass  and  exposed  to  the 
sunlight. 

"  The  la(d)  was  fresh  from  the  country."  fVh  first  supplied  /jrf, which 
he  reported,  then  iass ;  then  he  returned  and  substituted  lad.  This  oper- 
ation absorbed  his  attention,  and  he  had  no  definite  reference  for  the 
sentence. 

"  To  win  the  be(t),  he  had  sacrificed  his  good  name  and  character." 
The  attenvion  of  tVh  was  absorbed  by  the  mutilated  word  be{t).  Although 
he  finally  filled  it  out  correctly,  he  could  not  analyze  the  process. 
"  There  was  present  some  sensory  content,  but  it  was  very  vague.  The 
whole  process  appeared  to  be  verbal." 

"  He  left  the  prisoner  to  his  fa[te]."  IV  was  distracted  by  the  tone 
of  the  voice  as  reproduced  by  the  phonograph,  and  did  not  apperceive 
the  meaning  of  the  sentence. 

"The  sermon  was  unconscionably  lo[ng]."  Us  attention  was  cen- 
tered upon  unconscionablv.  He  pictured  the  word  in  print,  and  referred 
to  various  efforts  at  pronouncing  it.  One  man  was  visualized  in  par- 
ticular.    The  general  import  of  the  sentence  was  entirely  missed. 

^H.  H.  Bawden  {op.  cit.,  p.  120,)  has  emphasized  the  importance  of 
attention  in  verbal  expression:  "Conscious  experience  is  a  constant 
disturbance  of  the  tendency  toward  equilibrium  between  the  auto- 
matic and  attentional  processes.  Errors,  or  lapses,  appear  in  the  re- 
adjustment in  the  tension  between  these  two  processes." 
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27.  Familiarity  with  the  sentence  sometimes  militates  against 
a  clear  and  definite  refere?ice  oti  the  part  of  the  observer. 

Illustrations:  "  [DJeath  is  a  beneficial  thing,  biologically."  Wh 
had  heard  the  sentence  spoken  into  the  phonograph,  and  after  the  first 
few  words  paid  no  more  attention  to  it.  "All  associations  seemed 
swallowed  up  b}'  this  one  reference  to  the  previous  hearing  of  the  sen- 
tence." 

"The  use  of  rou[ge]  is  pardonable  only  in  the  green  room."  IVh 
had  already  heard  the  sentence  and  "experienced  a  feeling  of  'dead 
familiarity  '  with  it."  He  had,  however,  a  very  vague  visualization  of 
the  stage  of  a  familiar  theater ;  this  was  supplemented  by  the  image  of 
a  woman  of  his  acquaintance  who  uses  perfumes. 

"  Obli[g]ing  individuals  are  generally  poor."  L  reports  the  sentence 
as  having  a  '  familiar  feel.'     It  aroused  no  definite  reference. 

"  Be[y]ond  matter  is  spirit."  The  thought  was  familiar  to  W,  and 
aroused  no  definite  reference. 

28.  A  characteristic  feature  of  the  apperceptive  consciousness 
is  the  consta7it  change  of  its  pattern  to  vieet  the  changes  in  the  con- 
text. 

In  many  sentence.s,  the  reference  which  the  first  few  words 
arouse  is  inconsistent  with  the  succeeding  parts  of  the  context ; 
the  supplementing  of  one  word  or  phrase  fails  to  supplement  the 
sentence  as  a  whole:  the  observer  is  in  one  attitude,  has  one 
adaptation,  at  one  point  in  the  sentence;  at  another  the  attitude 
changes,  there  is  a  new  adaptation  and  a  new  shift  of  the  men- 
tal scenery.^ 

Illustrations:  "That  the  man  was  brave,  no  one  could  deny."  IVb 
first  interpreted  the  sentence  as,  "That  the  man  was  gray,  no  one 
could  deny."  This  was  unsatisfactory  and  led  to  a  new  construction. 
Brave  seemed  to  "struggle  up  from  the  inside  of  the  head  and  come 
to  the  front." 

"The  wheel  had  worn  a  groo[ve]  in  the  iron  rail."  Wh  at  first  re- 
ferred 'joheel  visually  to  a  bicycle.  When  groove  was  heard  the  reference 
was  changed  to  the  idea  of  machinery.  When  rail  was  heard,  a  rail- 
road was  visualized  and  later  a  street-car  track. 

"He  had  not  yet  lost  fai(th)  in  the  enterprise."  L  misinterpreted 
fat(Jb)  as  a  daj'.  At  first  he  referred  the  sentence  visually  to  a  man 
diligently  at  work;  this  was  before  enterprise  was  spoken.  With  enterprise 
"the  conscious  reference  assumed  another  setting  which  expressed 
itself  in  the  thought  that  the  man  had  put  no  time  at  all  into  the 
undertaking." 

"The  king's  ro(be)  was  yellow."  L  misinterpreted  ro{be)  as  row. 
He  referred  visually  to  the  king's  row  of  tombs  at  Westminster  Abbey. 
Later  row  was  apperceived  as  signifying  a  boat,  and  a  long  yellow 
shell  was  imaged. 

"The  fifty-ton  sloo[p]-of-war  captured  a  frigate."  L  referred  this  toa 

^Cy.  Stern,  Lr.  AV.:  (Psychologic  der  Veraenderungsauffassung.  Bres- 
lau,  1898,  p.  147.)  "  I-Iowever  sovereign  the  spontaneity  of  attention  is 
as  regards  constant  sensations,  it  is  just  as  dependent  upon  the  chang- 
ing ones.  Determined  by  central  factors,  it  directs  itself  toward  the  for- 
mer ;  the  latter  compel  it  to  themselves.  They  are  themselves  motives 
of  the  adjustment  of  attention." 
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naval  engagement.  He  visualized  Paul  Jones  with  a  'cocked'  hat. 
Sloop  was  supplemented  by  the  visual  idea  of  a  single  masted  sailing- 
ship.  This  dropped  out  of  consciousness  with  frigate,  and  was  re- 
placed by  the  idea  of  two  large  battle-ships. 

"Several  black  ba(ss)  were  caught  in  the  stream."  W^^  at  first 
misinterpreted  ha,{ss)  as  bear.  He  visualized  in  this  connection  a  small 
black  bear  and  a  forest  background.  When  stream  was  heard,  he  sub- 
stituted hass  for  bear.  The  forest  setting  still  persisted,  but  a  hook 
replaced  the  bear  as  a  center-piece. 

"The  rai(l)ing  was  washed  away."  Z,  misinterpreted  rai(l)tng  a.s 
rain  and  referred  it  to  the  visual  idea  of  sand  washed  away  by  rain. 
Later  rain  was  changed  to  railing  and  supplemented  by  the  image  of  a 
ship  on  a  very  rough  sea. 

"The  king  was  forced  to  be(g)."  L  misinterpreted  be(g),  first  as  bed 
which  he  supplemented  with  the  idea  that  the  king  must  have  been 
under  the  influence  of  some  very  strong  character.  Then  bed  was  re- 
placed by  back,  supplemented  by  the  idea  that  the  king  was  in  danger 
of  assassination;  this  took  form  in  a  visualization  of  a  man  coming 
before  the  king  on  horseback. 

28.  W/ieji  there  is  doubt  of  conflict  as  to  the  meaning  of  a  sen- 
ie7ice,  the  apperceptive  conscioiis7iess  is  predo7ninantly  U7ipleasant. 
If  the  apperception  of  the  nieayiing  is  clear  and  distinct,  the  affect- 
ive tone  is  geJierally  pleasant.  This  is  apart  fr07n  the  i7itrinsic 
affective  to7ie  of  the  se7ite7ue  as  such,  which  may  be  pleasant 
unpleasa7it,  or  indiffere7it. 

Sentences  the  apperception  of  which  was  accompanied  b}'  a 
pleasant  aifective  tone: 

"That  the  man  was  bra[ve]  no  one  could  deny."  Wb  "felt  satis- 
fied "  because  he  got  the  interpretation  easily  and  correctly. 

"Every  one  expected  a  dro[p]  in  the  market."  U'h.  (Referred  to  a 
humorous  incident.) 

"Brute  and  ma[u]  are  one  in  their  phj'sical  structure."  IVh. 
("  Liked  the  sentence  because  of  its  length."  The  preceding  sentences 
had  been  very  short.) 

"  The  re[v]elation  of  the  universe  maybe  variously  interpreted." 
L.  (No  reason  given.) 

"Pou[r]ing  oil  on  troubled  waters  causes  them  to  subside."  iV. 
(No  reason  given.) 

"The  first  horse  had  passed  the  po[le]."  L.  ("Thought  of  trotting 
race  and  horses  neck  and  neck."  When  pole  was  heard  he  wished  to 
replace  it  with  line.  Then  he  remembered  that  the  term  post  was  used 
in  the  same  connection.  This  changed  the  affective  coloring  from  un- 
pleasant to  pleasant.) 

"Wi[th]out  health,  happiness  is  perhaps  impossible."  Wh.  (Did 
not  supply  healtl}  until  the  sentence  was  completed.  When  it  came  it 
was  accompanied  by  a  pleasant  affective  tone.) 

Sentences  the  apperception  of  which  was  accompanied  by 
an  unpleasant  affective  tone: 

"  He  had  lost  ho[pe]  in  the  unequal  struggle."  Wh.  ("Felt  sorry 
for  the  poor  beggar.") 

"The  invalid  should  be  fe[d]  on  weak  broth."  W.  (Observer  "dis- 
likes broth.") 

"  By  his  si[de]  crouched  the  faithful  dog."     IV.  (No  reason  given.) 

"  Sla[mm]ing  doors  is  a  trait  of  childhood."    W.  (No  reason  given.) 
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"  Fi(r)ing  too  high  is  a  comniou  mistake."  C  (Aggravated  because 
she  could  not  apperceive  the  meaning.  She  noticed  a  general  tension 
in  trying  to  get  a  word  ior  Jt(r)tiig, — a  strain  about  the  eyes  and  chin.) 

"The  loss  will  be  greater  or  le[ss]."     L.  (Proposition  trivial.) 

"The  milk  was  brought  in  a  ju[g]."  L.  (Unpleasantness  came  with 
the  idea  of  milk,  which  was  visualized  a  pale  bluish-white  fluid.) 

"  The  idea  was  very  va[gue].''  L..  (Observer  reproduced  ideally  the 
condition  he  feels  himself  to  be  in  when  baffled  by  an  idea.  It  is  an 
unsatisfactory  'groping,'  with  a  large  affective  coloring  of  unpleasant- 
ness.) 

"  The  navy  consisted  of  two  ships  and  a  bri[g]."  IV.  ("It  was  so 
insignificant.") 

"  As  a  joke  it  was  simply  hu[ge]."  L.  (Last  word  uncertain.  Feel- 
ing of  bafflement,  curiosity  and  disappointment,  followed  by  pleasure 
when  the  word  was  finally  supplied.)  IVh.  ("  Had  a  '  motor  laughter 
fringe  '  on  hearing  the  sentence.") 

In  planning  this  investigation,  we  had  intended  to  determine  as  nearly  as  possible 
the  point  in  the  sentence  at  which  the  apperception  is  completed.  To  this  end,  sen- 
tences were  to  be  given  to  the  observers,  at  first  with  the  final  word  cut  out,  then 
the  next,  and  so  on  until  the  implication  of  the  sentence  was  entirely  lost.  Then 
the  sentence  was  to  be  built  up  from  the  beginning,  first  one  word  being  given,  then 
another  and  then  another  until  the  '  thought'  was  complete.  It  was  found,  however, 
that  this  procedure  would  require  a  greater  number  of  observers  than  was  availa- 
ble; hence  the  test  was  left  incomplete.  The  following  statements  may,  however,  be 
made:  (i)  The  omission  of  the  final  word  causes  practically  no  disturbance  to  the 
apperception  of  the  sentence,  either  the  word  itself  or  its  meaning-equivalent  being 
readily  supplied  by  the  observer.  (2)  Proposition  20  seems  to  indicate  that  apper- 
ception is  completed  earlj'  in  the  sentence.  (3)  Proposition  i  affords  a  certain  con- 
firmation of  this  hypothesis.  (4)  The  whole  trend  of  the  introspection  recorded  dur- 
ing the  second  part  of  our  experiment  is  to  place  the  act  of  apperception  early  in 
the  sentence. 

We  had  also  planned  to  determine  the  relative  importance  of  the  various  parts 
of  speech  to  apperception.  So  far  as  the  mutilations  are  concerned  we  are  able  to 
say  that  '  contextual  supplementing  '  is  not  a  function  of  the  sjmtactical  character 
of  the  word. 

29.  hi  general :  The  consciousness  concomitant  with  the  ap- 
perception of  auditory  symbols  is  made  up  of  sensatioiial  ajid  ajfective 
eleme7its — so7ne  peripherally,  some  centrally  aroused — in  connec- 
tio7is  which  va7y  in  character  with  different  individuals  a7id  under 
differ e7it  co7iditions.  These  co7i7iectio7is  are  arranged  ifi  patterns 
which  change  rapidly  i7ito  07ie  another,  and  are  iii  ge7ieral  transi- 
tory and  fleeti7ig.  When  the  atte7ition  is  directed  to  the  periph- 
erally excited  ele7ne7its  exclusively — whe7i  the  external  stimuli 
occupy  the  bur7iing  poi7it  of  apperceptio7i — the  mea7ii7ig  which 
they  as  symbols  should  co7ivey  is  7ioi  clearly  appe^'ceived.  WheJi 
the  attentio7i  is  directed  up07i  the  centrally  aroused  ideas  zvhich 
the  symbols  suggest,  the  '  inea7iing '  is  apperceived,  but  errors  and 
lapses  in  the  stimuli  are  apt  to  pass  u7inoticed.  ^ 

Stotit^  in  his  exposition  of '  implicit  apprehension  '  says:  "The 
mental  state  which  we  call  U7idersta7idi7ig  the  vieani^ig  of  a  word 
need  not  involve  any  distinction  of  the  multiplicity  of  parts  be- 
longing to  the  object  signified  by  it.  To  bring  this  multiplicity 
before  consciousness  in  its  fullness  or  particularity  would  involve 
the  imaginingof  objects  with  sensory  qualities,  visual,  auditory, 

1  Stout,  G.  F.:  Analytic  Psychology.  London,  1896,  Vol.  I,  Ch.  iv, 
pp.  78  ff. 
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tactual,  etc.  But  it  has  often  been  pointed  out  that  in  ordinar}- 
discourse  the  understanding  of  the  import  of  a  word  is  some- 
thing quite  distinct  from  having  a  mental  image  suggested  by 
the  word."  And  so  the  concept  of  '  implicit  apprehension' — 
the  apprehension  of  form  without  the  apprehension  of  content — 
is  introduced  to  explain  the  phenomena  of  symbolic  appercep- 
tion. Stout,  however,  goes  too  far  when  he  says  that  there  is 
"  no  absurdity  in  supposing  a  mode  of  presentational  conscious- 
ness which  is  not  composed  of  visual,  auditor\^  tactual  and 
other  experiences  derived  from,  and  in  some  degree  resembling 
in  quality  the  sensations  of  the  special  senses;  and  there  is  no 
absurditj'  in  supposing  such  modes  of  consciousness  to  possess 
a  representative  value  or  significance  for  thought,  analogous  in 
some  degree  to  that  which  attaches  to  images,  just  as  revived 
images  may  have  a  representative  value  in  some  degree  com- 
parable to  that  of  sense-perceptions,  in  spite  of  ver}'  great  dif- 
ferences in  respect  to  distinctness, vividness  and  quality. ' '  From 
the  series  of  observations  which  were  made  in  the  course  of  our 
experiment,  no  conscious  '  stuflf '  was  found  which  could  not  be 
classed  as  sensation  or  affection,  when  reduced  to  its  ultimates 
b}^  a  rigid  analysis.  Neither  do  our  experiments  show  that 
there  is  in  the  apperception  of  spoken  sentences  such  a  thing 
as  '  imageless  apprehension.'  They  show  rather  that  the  con- 
sciousness concomitant  with  .symbolic  apperception  is  in  a  state 
of  attention,  where  certain  constituents  are  clearer  and  more 
distinct  and  certain  other  constituents  more  obscure  and  less  dis- 
tinct; and  that  among  the  more  distinct  constituents,  among 
those  which  occupy  the  focus  of  attention,  there  are  always 
some — whether  they  be  verbal,  visual,  kinaesthetic  or  what  not 
— that  are  definitely  tangible,  and  that  can  be  reported  by  in- 
trospection. 

It  is  true  that  Hobbes,  Berkeley,  and  Dugald  Stewart, — all 
of  whom  are  quoted  by  Stout, — found  it  difficult  to  make  the 
apprehension  of  symbols  consistent  with  a  sensational  psy- 
chology. But  these  men  lived  and  wrote  before  the  function  of 
the  verbal  idea  in  '  thought '  processes  had  been  thoroughl}' 
exploited;  before  its  kinaesthetic  nature  had  been  pointed  out; 
before  the  current  doctrine  of  attention  with  its  biological  im- 
plications had  been  suggested;  and  before  recognition  and  rec- 
ollection had  been  differentiated  in  the  memory  process,  and 
referred  to  spatially,  structurally  and  genetically  diflferent  areas 
in  the  brain  cortex.  It  is  now  generally  admitted  that  direct 
recognition  does  not  necessarily  involve  the  conscious  compari- 
son of  the  presentation  with  a  memory  image,  and  the  subse- 
quent formation  of  the  judgment  'alike'  or  'different.'  And 
the  apperception  of  symbols  signifying  bits  of  experience  ma}', 
quite  legitimately,  involve  a  form  of  direct  recognition,  more 
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complicated,  it  is  true,  yet  similarly  devoid  of  any  complex  of 
visual  images.  But  this  does  not  imply  that  the  apprehension 
is  '  imageless,'  in  Stout's  connotation  of  the  term.  Recognition 
is  not  a  structural  element,  but  a  process  in  which  certain  ele- 
ments unite  to  form  the  recognitory  consciousness,  to  carry  the 
function  of  recognition.  But  these  elements  are  either  sensa- 
tions or  affections.  Stout's  'implicit  apprehension,'  on  the 
other  hand,  postulates  a  non-sensational,  non-affective  element, 
— a  schema,  a  form  without  content,  a  structural  something 
that  can  in  no  way  be  reduced  to  modal  elements. 

The  relation  of  apperception  to  attention  suggests  a  biologi- 
cal significance  that  may  do  much  toward  clearing  up  these 
problems.  Apperception  is  the  functional  side  of  attention,  and 
attention  is  the  mental  aspect  of  organic  adaptation.-'  The  new 
is  not  apperceived  by  the  old  in  the  Herbartian  sense:  the  new 
arouses  a  typical  attitude,  an  attitude  in  which  the  organism 
faces  the  typical  environment  which  the  new  symbolizes.  We 
may  say  with  Stout  that  the  new  is  referred  to  a  mental '  system, ' 
in  so  far  as  such  a  system  is  a  mood,  an  attitude,  a  tendency,  an 
adaptation.  The  mind  adjusts  itself  uniformly  to  uniform  condi- 
tions: this  seems  to  be  the  essence  of  the  apperceptive  '  mood.' 
When  C  in  the  sentence  "  The  play  was  bad,"  interpreted  play 
as  a  drama,  her  mind  adapted  itself  in  a  degree  to  the  drama 
environment.  This  was  not  necessarily  a  focal  reference  to  a 
given  play,  but  the  mind  was  in  the  dramatic  '  mood.'  Should 
particular  parts  of  a  typical  play-environment  have  been  ideally 
reproduced,  the  situation  would  only  have  been  reinforced. 
Should  certain  verbal  ideas  such  as  '  drama,'  '  theaters, '  '  Shakes- 
peare,'  etc.,  have  been  reproduced  in  consciousness,  either  vis- 
ually, auditorily  or  kinaesthetically,  these  ideas  would  have 
been  constituents  of  the  dramatic  '  mood, '  but  not  necessarily  the 
fundamental  constituents.  The  fundamental  constituents  may 
and  do  vary  from  time  to  time.  Only  very  seldom  can  they  be 
called  constant,  and  the  '  constant  supplements  '  which  we  have 
noticed  are  instances  of  such  occasions.  The  fact  that  the  focal 
constituents  of  the  apperceptive  consciousness  are  not  neces- 
sarily consistent  with  the  situation  represented  bears  testimony 
to  this  point  of  view.  ' '  There  was  not  room  for  a  stove  in  the 
corner;"  with  this  sentence  one  observer  imaged  distinctly  a 
stove  in  the  corner  of  a  small,  otherwise  bare  room.  His  own 
surprise  at  the  inconsistency  of  this  imagery  was  shown  by  his 
exclamation  upon  reporting  the  introspection:  "  But  there  was 
a  stove  there!" 

In  symbolic  apperception,  the  function  of  language  is  to  re- 
produce the  appropriate  mood,  the  consistent  attitude,  the  more 

^  Cf.  Titchener  :  ■  o^.  cit.,  ch.  vi,  pp.  118  ff. 
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or  less  uniform  reaction,  with  which  an  organism  would  face  a 
certain  environment.  Speaking  broadl}- ,  we  may  say  that  each 
mental  'system,'  each  'cortical  set,'  represents  the  adjustment 
of  the  organism  to  a  particular  environmental  condition.  Each 
adaptation  marks  a  separate  bit  or  pattern  of  experience  upon 
the  side  of  mind.  In  fact,  experience  might  be  considered  as 
a  mosaic,  or  rather  panorama,  of  succeeding  *  mental  systems.' 
It  is  manifest  that  those  organisms  which  have  adapted  them- 
selves most  readil)-  and  with  the  least  friction  have  possessed, 
other  things  equal,  the  characteristics  most  favorable  to  sur- 
vival. And  so  it  is  not  surprising  that  we  now  find  many 
'  short  cuts '  to  adaptation  and  reaction, — that  we  find  a  verbal 
idea  coming  to  represent  a  complex  mental  sj'stem,  and  repro- 
ducing in  a  condensed  form  all  the  essential  conditions  of  a 
given  environment. 

This  point  of  view  also  gives  us  a  definite  connotation  for  the 
term  'meaning.'  Mind,  from  the  beginning,  has  taken  the 
form  which  the  environment  has  given  it.'  The  mental  con- 
tents have  always  been  '  meaningful '  for  the  organism.  A 
given  complex  of  sensations  is  correlated  with  such  and  such  a 
'thing'  of  the  outside  world.  The  perception  has  such  and 
such  uses;  the  object  is  to  be  met  by  such  and  such  adaptations. 
But  the  functions  of  the  primitive  mind  were  comparatively 
few.  Each  of  its  attitudes  was  self-sufficient.  Every  pattern 
was  an  independent  pattern,  and  carried  with  it  its  own  '  mean- 
ing '  for  the  organism.  But  with  the  development  of  memory 
came  the  function  of  '  remote  adaptation. '  -  The  constant  re- 
currence of  given  complexes  in  a  multitude  of  difi^erent  con- 
nections added  something  to  the  '  meaning  '  of  a  presentation: 
namel}' ,  the  previous  significance  of  similar  presentations.  As 
development  continued  and  experience  widened,  the  recognition 
of  identity  in  '  meanings '  became  more  and  more  automatic, 
became  pushed  back  farther  and  farther  into  the  margin  of  con- 
sciousness. In  the  adult  apperceptive  consciousness  there  is, 
as  we  have  seen,  no  constancy  in  the  quality  and  modality  of 
the  focal  constituents.  With  very  few  exceptions — of  which 
the  '  constant  supplements '  are  instances — the  same  symbol 
arouses  at  different  times  focal  references  which  ma}-  be  uniform 
or  disparate,  consistent  or  inconsistent;  and  j'et  the  meaning 
of  the  symbol  in  combination  with  other  symbols  is  perfectl)-- 
unequivocal.  It  is  reasonable  to  suppose  that  the  marginal 
elements  furnish  the  essential  uniformity,  and  compensate  the 

'^Cf.  Titchener,  E.  B.:  A  Primer  of  Psychology.  New  York,  1899, 
p.  197. 

2C/.  Beutley,  I.  M.:  This  Journal,  Vol  XI,  No.  i  (1899),  pp. 
14  ff. 
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apparent  inconsistencies.^  In  other  words,  the  consciousnesses 
that  are  correlated  with  Hke  adaptations  are  similar,  not  neces- 
sarily^ m  their  focal,  but  in  their  marginal  constituents.  Inter- 
preted as  marginal  constituents,  the  kinaesthetic  factors  as  well 
as  the  organic  sensations  come  to  their  true  rights.  When  the 
observer's  attention  is  centered  upon  the  stimuli — upon  the 
symbols — he  is  in  a  '  sentence '  mood,  or  a  '  word  '  mood,  or  a 
'  mutilation  '  mood:  /.  c,  there  is  a  certain  adaptation  in  which 
certain  marginal  factors  are  constant.  But  when  the  attention 
shifts  to  the  symbolized  situation,  the  mechanism  of  the  sen- 
tence, as  such,  becomes  obscured;  there  is  a  new  adjustment, 
resulting  in  another  adaptation,  in  which  certain  other  marginal 
factors  are  constant.  In  the  one  case,  the  sentence  is  apper- 
ceived  as  an  orderl)^  complex  of  sound  units;  in  the  other  case 
it  is  apperceived  as,  in  itself,  a  '  meaningful'  unit. 

The  margin  and  the  focus  of  consciousness  play  —  if  the 
expression  may  be  pardoned  —  the  one  into  the  hands  of  the 
other;  but  the  nature  and  modality  of  the  elements  which 
are  to  come  into  the  focus,  and  the  pattern  of  the  elements 
which  are  to  remain  in  the  margin,  are  determined  by  the 
needs  of  the  organism.  It  is  the  peculiar  office  of  appercep- 
tion, as  the  functional  side  of  attention,  to  interpret  the  new 
presentation  in  the  light  of  its  significance  to  the  organism.  If 
it  be  a  complex  of  visual  sen.sations,  supplemented  by  certain 
tactual  and  motor  associates,  and  by  the  verbal  idea  'table,'  it 
may  'mean'  an  object  to  write  on  or  an  object  to  eat  from,  an  object 
to  be  sold  or  an  object  to  be  bought,  according  as  the  mind  is 
adjusted  to  the  situation.  If  it  be  an  auditory  or  visual  complex, 
"The  play  is  bad,"  it  may  'mean'  a  mere  combination  of  forms, 
a  forbidden  lead  at  whist,  or  a  poorly  staged  drama.  In  each 
of  these  cases  the  presentation  is  met  by  a  totally  different  ad- 
justment of  the  organism,  correlated  on  the  side  of  mind  with 
a  peculiar  and  fitting  pattern  of  consciousness.  In  this  pattern 
certain  typical  sensations — centrally  and  peripherally  aroused 
— occupy  the  margin  of  consciousness.  They  are  determined 
largely  by  the  individual,  and  are  constant  with  him  for  this 
type  of  adaptation.  Certain  other  elements  occupy  the  focus  of 
consciousness.     These  are  determined  almost  entirely  by  the 

^Cf.  James,  W.:  Principles  of  Psychology,  N.  Y.,  1890.  Vol.  II,  p. 
49.  "The  meaning  is  a  function  of  the  more  'transitive'  parts  of  con- 
sciousnesss,  the  'fringe'  of  relations  which  we  feel  surrounding  the 
image,  be  the  latter  sharp  or  dim."  James's  position  is  practically 
that  which  we  have  taken  above,  except  that  he  has  approached  the 
question  from  the  standpoint  of  epistemology,  rather  than  from  the 
standpoint  of  genetic  psychology.  As  a  rule,  an  appeal  to  genesis  is 
much  more  satisfactory  than  an  appeal  to  epistemology,  as  the  history 
of  the  psychological  space  theories  abundantly  shows. 
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existing  environment,  or  by  the  exigencies  of  the  situation  which 
is  faced. 

Nor  is  this  point  of  view  inconsistent  with  that^  which  gives 
to  the  kinaesthetic  elements  the  duty  of  carrying  the  meaning 
of  a  presentation.  Reaction  to  the  environment  was  the  pri- 
mar}'  function  of  the  primitive  mind.  When  the  development  of 
memor}'  brought  with  it  the  complications  arising  from  the  con- 
sciousness of  former  experiences,  the  motor  memories  became 
of  fundamental  importance  in  the  new  '  remote  adaptation. '  In 
the  adult  consciousness,  as  we  have  studied  it,  even  sj'-mbolic 
apperception  involves  adjustment  and  adaptation,  and  adjust- 
ment and  adaptation  involve  motor  reactions.  The  kinaesthetic 
elements  are  predominantly  marginal  elements  and  the  margi- 
nal elements  '  carry  the  meaning. ' 

1  Cf.  Bawden  :  op.  cit.,  pp.  44  ff.  Miinsterberg's  '  Action  '  theory  of 
meaning  must  be  left  for  a  more  detailed  discussion.  C/,,  in  this  con- 
nection, Miiusterberg,  H.:  The  Physiological  Basis  of  the  Mental  Life. 
Science,  N.  S.,  IX  (March  24,  1899)  pp.  442  ff.;  also  Breese,  B.:  On 
Inhibition.  Psychological  Review  Monograph  Supplement,  Vol.  Ill, 
No.  I,  pp.  47  ff. 
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IV.     Studies  of  the  Dream  Consciousness. 
IL 


By  Grace  A.  Andrews. 

No  psychologist  has  as  yet  discovered  what  every  one  of  them 
desires:  an  experimental  method  of  varying  and  repeating  stimu- 
lations of  the  dream  consciousness,  which  shall  not  at  the  same 
time  vitiate  the  conditions  of  natural  dreaming.  The  simplest 
method,  that  of  giving  the  subject  a  definite  stimulus  just  before 
he  falls  asleep,  has  been  tested  by  Mr.  Monroe^  with  visual 
stimuli  and  with  tastes,  and  has  recently  been  applied  by  the 
writer  with  visual  stimuli.  The  subjects  were  six  Wellesley 
College  students,  only  one  of  them,  however,  the  writer,  trained 
in  dream  introspection.  The  materials  were  small  squares  of  col- 
ored glass,  about  four  by  four  inches,  green  and  red,  and  illumi- 
nated from  behind;  similar  squares  of  colored  paper  (a  less  ade- 
quate material);  and  two  simple  colored  lithographs,  one  of  a 
mounted  horsewoman,  the  other  of  a  woman  surrounded  b}'' 
flowers.  Just  before  going  to  bed  the  subjects  of  the  experiment 
looked  fixedly  for  five  minutes  at  the  colors,  and  for  ten  minutes 
at  the  pictures.     The  results  are  briefly  these: 

The  trained  subject  has  dreams  on  3  out  of  4  nights,  proba- 
bly suggested  by  the  fixated  colors  or  objects;  and  the  average 
number  of  her  remembered  dreams  is  5.4,  as  compared  with  an 
average  of  3.4  on  the  nights  of  ordinary  dreaming.  One  of  the 
other  subjects  has  these  suggested  dreams  on  two  out  of  four 
nights,  and  has  three  cases  of  dreams  which  are  possibly  sug- 
gested by  the  experiment  of  a  previous  night.  Of  the  other 
subjects  there  are  two  who  have  one  dream  each  apparently  sug- 
gested by  the  experiment;  and,  finally,  there  are  two  whose 
dreams  seem  unaffected. 

For  several  reasons  these  experiments  were  discontinued 
before  obtaining  sufl&cient  records  for  even  a  tentative  conclu- 
sion. The  inexperienced  observers  obviously  required  training 
in  the  observation  and  record  of  their  normal  dreams  before  the 
attempt  to  vary  experimentally  the  conditions  of  their  dream- 
ing.    There  are,  however,  more  fundamental  difl&culties  which 

^T'his  Journal,  Vol.  IX,  p.  413;  Vol.  X,  p.  326. 
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seriously  aflfect  the  value  of  such  experimenting  upon  even  the 
trained  obser\'er.  There  is  the  disadvantage  attendant  upon  all 
investigation  in  which  a  person  experiments  upon  himself;  there 
is  the  further  objection  that  stimulation  and  supposed  result  are 
separated  b}-  a  considerable  interval  of  time;  and,  finall}^  there 
is  the  lack  of  any  observer  of  the  attendant  conditions. 

The  ideal  method  would  provide  for  the  excitation  of  the 
dreamer  through  auditory,  olfactory-  or  dermal  stimuli,  applied 
by  the  experimenter  at  different  periods  during  the  night.  The 
practical  difficulties,  however,  seem  to  be  all  but  insurmounta- 
ble. We  have  used,  for  instance,  music  boxes  gently  playing,  in- 
tense and  heav}' odors,  and  cool  surfaces  for  the  immediate  stimu- 
lation of  dreams,  but  have  failed  in  every  instance,  through 
prematurely  waking  the  dreamer.  Awaiting  the  more  success- 
ful application  of  this  method,  or  the  discovery  of  a  more  effective 
one,  there  can  hardly  be  too  man\-  records,  by  careful  observ- 
ers, of  all  their  dreams  during  a  series  of  nights.  Such  a  record^ 
of  1 18  dreams,  was  kept  bj-  the  writer,  during  her  second  year  of 
psychological  stud3^  The  dreams  were,  with  few  exceptions, 
recorded  continuously  during  six  weeks  immediately  upon 
waking ;  the  records  were  re-read  upon  the  following  day  to 
discover  their  links  with  the  waking  life;  and  the  records,  as 
a  whole,  were  carefully  studied  when  entirely  completed.  The 
most  significant  results  of  the  studj'  may  be  summarized  as 
follows: 

Nearly  90  per  cent,  of  these  dreams  are  clearly  suggested  by 
the  waking  experience;  more  than  one-half  refer  to  occurrences 
of  the  same  week,  nearly  one-half  to  the  immediate  environment, 
and  two-thirds  to  people  of  the  every-day  life.  Visual  experi- 
ences predominate,  as  in  the  case  of  most  dreamers,  occurring  in 
96  dreams,  that  is  in  81  per  cent,  of  the  total  number.  Nearly 
half  of  these  dreams  include  color-sensations,  and  these  have 
been  a  source  of  much  aesthetic  pleasure.  On  the  other  hand, 
onlj'  7  dreams  could  be  definitely  remembered  as  containing 
auditory  sensations,  and  few  of  the  conversations  seemed  to  be 
actually  heard. 

In  most  dreams  of  apparent  taste  and  smell,  sight  sensa- 
tion clearly  does  duty  for  both  the  others.  The  records,  how- 
ever, contain  accounts  of  one  clear,  gustatory  dream  and  of 
the  two  following  olfactory  dreams  :  I  was  holding  a  can  from 
which  came  a  vapor  which  the  sponge  absorbed.  I  soon  be- 
gan to  be  oppressed  by  the  strong,  stifling  choking  odor,  and 
wondered  how  long  I  could  stand  it  before  becoming  chloro- 
formed myself.  (I  woke  from  the  dream  almost  immediately 
and  analyzed  the   experience  as  carefullj'  as  possible,  remem- 

^  Cf.  throughout  M.  W.  Calkins,  Statistics  of  Dreams.  This  Journal, 

V,  p.311. 
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bered  that  I  had  had  no  dream  of  smelling  while  keeping 
the  record,  and  went  to  sleep  again.)  I  then  dreamed  of 
looking  off  in  the  direction  of  Milton  and  of  thinking  and  saj^- 
ing  that  beyond  lay  the  ocean.  I  immediately  got  the  keenest 
and  most  natural  smell  of  wind  from  the  flats  and  the  delicious 
ocean  odor.  This  gave  me  such  intense  pleasure,  as  it  always 
does,  that  I  awoke.  (This  dream,  like  the  other,  was  carefully 
thought  over  upon  waking,  and  seemed  even  more  clearly  to 
contain  a  pure  and  rich  sensation  of  smell. )  The  following  is 
the  record  of  the  taste  dream  :  "Feb.  25,  after  2.30  A.  m. 
Dream  148.  We  were,  I  think,  at  the  house  in  L,  where  we 
lived,  eight  years  ago.  We  had  a  new  kind  of  bluing  ;  I  saw 
some  of  it  in  blue  streaks  in  the  w^ater.  Father  had  put  some 
in  a  well  from  which  our  drinking  water  came.  I  thought  it 
was  deadly  poison  and  did  not  see  how  he  could  have  been  so 
careless.  I  had  drank  some  of  the  water  before  I  knew.  It 
had  a  horrid  metallic  taste  (like  the  taste  of  copper  sulphate, 
which  I  got  during  the  fall,  from  a  drop  on  my  blotting-paper). 

The  dreams  seem,  also,  to  include  discomfort  rather  than 
physical  pain.  In  a  dream  of  being  bitten  by  a  kitten,  whose 
red,  open  mouth  I  saw  ...  I  ccmld  not  recall  that  I  had 
suffered  any  pain.  The  experience  seemed  a  complex  of  visual 
and  tactual  elements  of  an  extreme  intensity,  rather  than  pain. 

The  frequent  emotions  of  these  dreams  are,  all  of  them, 
nearly  as  vivid  and  strong  as  those  of  the  waking  life,  and 
many  of  them  are  stronger.  Indeed,  the  dream  emotion  seems 
to  me  the  most  real  element  of  the  dream  life  and  the  one  most 
to  be  depended  on  to  follow  the  laws  of  waking  consciousness. 
Although  29  of  the  50  di.stinct  and  namable  emotions  are 
classed  as  unpleasant,  yet  the  general  affective  impression  of 
the  dream,  as  a  whole,  was  usually  pleasant,  perhaps  because 
of  the  interest  in  the  change  of  scene  and  the  pleasant  uncer- 
tainty of  'what  next.'  ^^sthetic  pleasure,  also,  often  ques- 
tioned as  a  dream-experience,  forms  an  important  part  of  dream 
pleasure,  especially  in  dreams  of  color  and  of  nature. 

There  are  34  clear  instances  of  reasoning  and  argument — 
usually,  of  course,  on  absurd  or  trivial  premises.  In  dream 
13,  for  example,  seeing  "  a  doll  which  went  by  clock-work  and 
was  attached  to  a  little  cart,  drawn  by  dogs  which  ran  along- 
side," I  "wondered  how  the  machinery  was  regulated  so  that 
the  doll  just  kept  up  with  the  dogs  and  what  would  happen  if 
the\^  ran  faster."  The  composition,  in  dream  69.  of  the  word 
'  Orthogeneous '  in  opposition  to  '  heterogeneous  '  is  another 
case  of  reasoning,  quite  distinct  from  the  mere  association  of 
words  through  siynilar  sotLuds} 

Besides  the  natural  association  with  each  other,  of  the 
objects  and  events  of  these  dreams,  there  is  a  frequent  tendency 

1  Cf.  James  Sully,  Illusions,  c.  7,  p.  181,  note. 
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to  connection  between  dreams  of  the  same  night.  Thus, 
dreams  i  and  2,  though  of  a  totally  diflferent  character,  are 
both  enacted  on  the  deck  of  a  steamer  ;  and  dream  3,  of  a 
vegetable  garden,  is  followed  by  a  dream  of  lettuce.  This  rela- 
tivety  uncontrolled  association  of  the  dream-life  is  responsi- 
ble, of  course,  for  the  dream-story.  There  seems  to  be  a  close 
analogy  between  the  way  in  which  the  events  of  the  dream- 
story  are  evolved  from  our  own  imagination,  with  no  plan  or 
foreknowledge  on  our  part,  and  the  relation  of  the  novelist  to 
his  characters,  which  in  many  instances  assume  a  personality, 
speak,  act  and  arrange  their  own  destiny,  almost  without  his 
control.  The  writer's  dream-story  is  often  both  seen  and  heard 
as  if  read  aloud  by  herself  or  another.  Its  events  often  have 
an  unusual  consistency,  showing  some  unifying  control  by  the 
mind.  Often,  also,  it  involves  the  phenomenon  of  so-called 
Double  Identity.  This  maj^  consist,  in  its  simplest  form,  in 
merely  watching  the  action  of  another  (which  is,  nevertheless, 
my  own  dream-consciousness) ,  or  it  may  be  something  so 
complicated  as  to  baffle  description,  the  dreamer  being  at 
once  spectator  and  actor  and  sharing  in  the  emotions  of 
each,  as  in  the  following  dream:  "Jan.  15,  5  a.  m.  Dream 
35.  A  woman  was  being  married  in  a  cave,  according  to  the 
ceremony  of  some  savage  tribe.  I  was,  in  quick  succession — 
or  at  the  same  time,  as  it  seems, — the  woman  herself  and  a 
spectator.  The  ceremony  was  connected  with  a  magic  stone, 
at  first,  small,  greenish,  with  red  spots,  afterward  larger,  irreg- 
ularlj'  shaped.  Then  I  was  going  down  a  street  in  Boston. 
When  I  reached  a  certain  house,  a  very  small  man — the  hus- 
band— appeared  and  led  me  up  the  steps  and  up  a  flight  of 
stairs.  After  going  up  stairs,,  the  woman  or  myself — I  was 
both  actor  and  spectator — threw  herself  into  his  arms,  but  the 
man  was  so  small — a  mere  small  boy — that  he  was  overpowered 
by  the  onslaught,  lost  his  balance  and  nearly  fell  to  the  floor. 
In  my  character  of  spectator  I  saw  the  ludicrous  side  of  this, 
laughed  and  thought  it  ver}'  funny." 

It  will  be  observed  that  this  dream  involves  no  real  '  change  of 
identity.'  The  self  of  the  dreamer  is  by  turns  observer  and 
heroine,  but  does  not  disappear,  however  bewildering  the 
change  of  circumstance.  Indeed,  these  records  confirm  at  all 
points  every  careful  study  of  the  dream  experience.  All  such 
records  disclose  the  intense  individuality  of  the  dream-life — 
even  less  susceptible  than  the  waking  experience  of  reduction  to 
rigid  general  laws;  they  manifest  also  its  inherent  absurdities, 
due,  of  course,  to  the  absence  of  waking  criteria  of  reality;  on 
the  other  hand,  they  bear  unequivocal  testimony  to  the  presence 
in  the  dream-life  of  thought,  moral  reflection  and  aesthetic  emo- 
tion as  well  as  sensation  and  primitive  feeling,  and  to  the  inte- 
gral unity  of  the  dreaming  with  the  waking  consciousness. 


THE  RELATION  OF  STIMULUS  TO  SENSATION. 
REPLY  TO  MR.  MAX  MEYER'S  CRITICISM 
ON  PROF.  C.  LLOYD  MORGAN'S  PAPER. 


By  Prof.  F.  R.  Barrei.1,. 


The  July  number  of  this  Journal  contains  a  criticism  by  Mr. 
(  ?  Prof.)  Meyer  on  a  recent  paper  by  my  colleague,  Prof.  Lloyd 
Morgan.  It  is  stated  that  "the  mathematical  discussion  con- 
tains several  errors;"  as  I  was  responsible  for  a  certain  amount 
of  advice  in  the  preparation  and  for  a  final  confirmation  of  the 
expression  of  Prof.  Morgan's  views,  I  have  volunteered  to  reply 
to  the  criticism. 

Mr,  Meyer  ought  to  have  recognized  that  the  whole  sting  of  his 
criticism  depends  on  a  question  of  Definition.  A  circle,  ellipse, 
or  hyperbola  has  each  its  definition  consecrated  by  time:  a  loga- 
rithmic curve,  sine  curve  or  the  like  has  not.  For  the  pur- 
pose of  the  paper  under  discussion  we  defined  a  '  logarithmic 
curve  '  [and  the  definition  is  obvious  from  the  context]  ^  as  one 
in  which  the  ' '  ordinates  are  in  Geometrical  Progression  when  the 
abscissae  are  in  Arithmetical  Progression  "  or  vice  versa  :  that  is, 
the  curve  represented  either  by  y=Ae^''  or  by  y=:A  log  Bx. 

This  curve  is  a  direct  expression  of  the  Weber- Fechner  law, 
it  stands  in  a  definite  relation  to  the  axes  of  co-ordinates — z.  e. , 
in  our  case  to  the  lines  of  no-sensation  and  no-stimulus — it  has 
the  essential  and  to  my  mind  objectionable  property  that  it  can- 
not pass  through  the  origin  and  it  cannot  embrace  the  obvious 
fact  that  no-stimulus  is  accompanied  by  no-sensation. 

Further,  the  language  of  Prof.  Morgan's  paper  distinguishes 
between  a  '  part  of  a  curve '  and  the  '  complete  curve:'  this  is 
in  accord  with  my  own  habit;  thus,  I  would  not  call  a  Gothic 
arch  circular  though  it  be  composed  of  arcs  of  circles;  nor  would 
I  call  the  curve  of  cosines  the  curve  of  sines,  though  it  be 
merely  the  same  curve  in  a  different  phase.  This  habit  may  not 
be  as  general  as  we  imagined,  and  I  would  not  seek  to  impose  it 
on  Mr.  Meyer. 

Prof.    Morgan  enunciates  the  law  A  ' '  Eqtial  increine7its  of 

iProf.  Morgan's  phrase  ''logarithmic,  as  it  should  be,  if  the  Weber- 
Fechner  formula  holds  good,"  may  fairly  he  claimed  as  an  explicit 
statement  of  the  definition,  for  the  curve  y  =Ae^''-j-C  is  not  'as  it  should 
be,'  if  the  Weber-Fechner  law  be  true. 
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sensation  are  produced  by  increments  of  excitation  in  Geometrical 
Progression. ' ' 

The  Weber-Fechuer  Law  B  may  be  tersely  enunciated  "  Sen- 
sations increasing  by  equal  incremeyits  are  produced  by  excitatioyis 
ill  Geometrical  Progression.'''' 

Mr.  Meyer  overlooks  the  fact  that  law  A  is  merely  a  particu- 
lar case  of  law  B,  and,  moreover,  that  it  is  the  only  case  which 
cannot  possiblj^  hold  good  in  the  lower  stages  of  sensation. 

In  my  note  to  Prof.  Morgan's  paper^  I  showed  how  the  mathe- 
matical expression  of  his  law  led  to  the  Differential  Equation 

dy     d«y    _  r      dV 


dx     dx" 


dx^ 


(I) 


it  is  easy  to  show  that  the  Weber-Fechner  law  leads  to  the 
equation 

y.  d^y    _  f      dy  V 

dx^   —  I       dx  I         ...      (11) 

I  J 

Mr.  Meyer  must  know  the  fundamental  distinction  between  an 
equation  of  the  third  order  and  one  of  the  second:  viz. — the 
solution  of  one  contains  tlwee  arbitrary  C07ista7its,  that  of  the 
other  contains  two. 
Thus 

(I)  leadstoy=Ae^'+C=Aio''+C     .      .      .      (Ill) 

Bx  bx 

(II)  leads  to  y=Ae  =Aio  .      .      .     (IV) 

the  similarit}'  between  these  two  results,  and  the  accident  that 
by  putting  C^o,  or  by  adjusting  the  axes,  III  reduces  to  IV, 
ought  not  to  blind  us  to  the  above  essential  difference;  nor 
ought  we  to  be  influenced  by  the  fact  that  any  arc  of  III  can  be 
superposed  in  Euclidean  fashion  upon  the  corresponding  arc  of 
IV. 

The  advantage  of  possessing  three  arbitrary  constants  A,  B, 
C  as  in  (III)  is  seen  as  follows: — Since  any  arbitrary  scales 
may  be  chosen  for  representing  stimulus  and  sensation,  it  is 
convenient  in  each  experiment  to  represent  the  extreme  sensa- 
tion and  extreme  stimulus  each  by  100:  Thus  III  must  be 
satisfied  by  y=:ioo,  x=:ioo: 

.-.  ioo=Aio^''''b_^C     ...      (V) 

further,  it  is  axiomatic  that  '  no-stimulus '  is  accompanied  by 
'  no-sensation  '  [this  ma}^  be  a  psychological  blunder;  if  so,  as  a 

^Psychological  Review,  VII,  No.  3,  pp.  217-233,  1900. 
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mathematician  I  must  be  pardoned],  hence  III  must  be  satis- 
fied by  y^o,  x=o 

.-.      o=Aio''+C     .-.     c=— A 

which  by  substitution  in  (V)  gives 
ioo=Aio^'"'b_A 
i.  e.    ioo=A  (io'<"»^— i)     .     .     .      (VI) 
this  single  relation  between  A  and  b  leaves  at  our  disposal  one 
other  relation  between  them,  and  this  we  utilize  to  give  char- 
acter to  the  sensation  under  discussion  by  making  the  curve 
pass  through  any  single  point  determined  in  the  experiment:  in 
the  case  of  White  on  '  Morgan's  Black  '  this  was  the  point  y=27, 
x=5o  giving 

27==A   (lO^"^b_j)       _        _        _        (VII) 

in  the  case  of  Red  on  '  Morgan's  Black  '  it  was  y=35,  x==:5o, 
giving 

35=A  (io^°b_j) 

Equations  VI  and  VII  determine   the  values   A=i5.85,  b= 
.008639, 


If  we  attempt  to  treat  formula  IV  in  the  same  way,  we  begin 
as  before: — put  y=:ioo,  x^ioo 

.-.  ioo=Ae^°'>b     ^     _     _     (VO 
now  put  y^o,  x:=o 

.-.  o=Aio''-b  .  .  .  (VIO 
Unfortunately  this  cannot  be  satisfied  by  finite  values  of  A  and 
b,  and  we  are  confronted  by  the  fundamental  objection  to  the 
Weber-Fechner  law — it  cannot  be  applied  to  the  low  stages  of 
sensation.  But  supposing  even  that  (VI^)  could  be  satisfied  by 
finite  values  of  A  and  b.thenV^  and  VI^  between  them  would  use 
up  both  the  available  constants,  and  we  should  have  no  con- 
stant left  with  which  to  give  character  to  the  particular  .sensa- 
tion under  investigation. 

This  point  is  brought  out  clearly  by  Prof.  Morgan  in  his  Fig. 
4  in  a  comparison  (which  ]\Ir.  Meyer  erroneoush-  condemns)  be- 
tween the  curve  derived  from  his  own  experiment  and  the  '  loga- 
rithmic-curve-as-it-should-be-if-the-Weber-Fechner-formula- 
holds-good,'  which  fits  it  most  closely. 

This  family  of  curves  being  represented  by  y=Aio^^,  any  mem- 
ber of  the  family  is  completely  determined  by  tw'O  given  points. 
How  were  these  two  points  to  be  selected  ?  As  explained  above, 
the  desirable  point  y:=o,  x^o  had  of  necessity  to  be  abandoned: 
then  in  order  to  secure  s6me  degree  of  proximity  between  the 
curves  the  other  extreme  point  yi^ioo,  x^ioo  was  abandoned: 
finally,  as  clearly  stated  by  Prof.   Morgan  and  qjioied  by  Mr. 
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Meyer  the  stages  6  and  14  were  selected  for  coincidence:  from 
the  tabulated  results  we  have 

at  stage  6  7=13,  x:=30  .".  i3=Aio^*''^ 
at  stage  14  y=48,  x=7o  .'.  48=Aio'-''. 
These  give  A=4.88i,  b^.01418,  hence  the  equation  to  the 
broken  curve  is  y^4.88iX  lo"""''-  and,  on  the  assumption  that 
Prof.  Morgan's  black  gives  a  reasonably  approximate  zero  of 
stimulus  as  a  basis  for  calculation,  the  contrast  between  this 
broken  curve  and  the  experimental  curve  illustrates  well  the 
difference  between  the  new  law  and  the  old. 

The  latter  part  of  Mr.  Mej'er's  paper  is  interesting,  as  it 
brings  out  the  simple  mathematical  fact  that  any  member  of  the 
family  of  curves  y=A(io''''— i)  may  be  con\'erted  into  an}' 
other  one  by  a  suitable  increase  or  decrease  of  both  the  hori- 
zontal and  vertical  scales  of  representation:  this  property  is  so 
familiar  in  the  case  of  ellipses  and  certain  other  curves  that  it 
did  not  seem  necessar}'  to  call  attention  to  it.  Moreover,  I  can- 
not see  that  Mr.  Meyer's  method  of  comparing  the  results 
'  White  on  Black,'  '  Red  on  Black,'  '  Blue  on  Black  '  by  adjust- 
ing the  scales  of  the  second  and  third  so  as  to  make  them  coin- 
cide with  positions  of  the  first,  is  intrinsically  superior  to  Prof. 
Morgan's  method  of  comparison  b}^  means  of  three  distinct 
curves  bridging  over  the  same  interval. 

Mr.  Meyer's  method  may,  however,  be  the  better  if  his  sug- 
gestion be  correct  that  the  thing  dealt  with  in  the  experiment 
was  intensity  of  illumination  rather  than  toning  of  color;  this 
idea  had  previously  suggested  itself  to  Prof  Morgan,  who  said 
in  his  paper  ' '  so  far  as  the  colors  are  concerned  the  results 
appear  to  be  due  rather  to  the  relative  intensities  of  stimulation 
or  excitation  of  the  retina  than  to  the  effects  of  color  as  such." 

The  only  fault  which  I  can  detect  in  Prof  Morgan's  exposi- 
tion of  his  results  is  that  he  neglected  to  point  out  the  patent 
fact  that  by  assuming  (without  any  experimental  basis  for  the 
assumption)  that  his  black  contained  precisely  15.8%  of  white 
and  40.8%  of  his  red  (or  of  their  illuminations)  he  would  bring 
his  results  in  line  with  the  Weber- Fechner  formula:  this  omis- 
sion left  it  open  to  Mr.  Mej'er  to  assume  that  the  fact  had  not 
been  noted. 

In  conclusion  I  must  add  that  even  if  the  law  "  Equal  incre- 
ments of  sensation  are  prodiued  by  incirmeyits  of  excitation  in 
Geometrical  Progression  ' '  be  merely  considered  as  a  modified 
statement  of  Weber's  law,  yet  it  is  a  very  material  improvement 
on  the  old  mode  of  expression,  for  it  deals  with  the  only  things 
which  are  actually  estimated  in  these  and  similar  experiments, 
where  the  true  zero  of  stimulus  is  difiScult  to  ascertain,  namely, 
increments  of  stimulus  and  ittcrements  of  sensation. 
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Further,  although  the  formula  y=A  (lo^'-^ — i)  may  not  stand 
the  ultimate  test  of  being  applied  to- low  stages  of  sensation  in 
cases  where  the  zero  of  stimulus  can  be  absolutely  ascertained 
(as,  e.  g.,  in  estimating  saltness  of  dilute  solutions)  yet  it  has 
the  prima  facie  advantage  that  it  permits  us  to  work  down- 
wards without  break  of  continuity  to  the  point  "no-stimu- 
lus, no-sensation,"  and  that,  as  Prof  Morgan  pointed  out  in 
his  paper,  it  gives  near  the  threshold  of  sensation  an  arith- 
metical progression  of  stimulus,  which  accords  with  results 
obtained  by  the  pupils  of  Hering. 

I  am,  of  course,  aware  of  the  accepted  opinion  that  starting 
with  no-stimulus,  and  gradually  introducing  stimulus,  some 
finite  stimulus  must  be  reached  before  any  sensation  is  recog- 
nized; this  seems  to  indicate  some  discontinuity  at  the  inception 
of  sensation,  and  might  necessitate  a  corresponding  discontinuity 
in  the  formula  representing  it.  Yet,  although  some  such  explo- 
sive origin  may  be  possessed  by  sensation,  the  hiatus  between 
the  zero  and  the  starting  point  of  sensation  must  be  so  slight, 
that  it  is  desirable  if  possible  in  this,  as  in  physical  phenomena, 
to  bridge  over  the  hiatus  by  a  formula  which  will  extend  down 
to  the  origin. 


PSYCHOLOGICAL  LITEEATUEE. 


Psychologische  Schulversuche  viit  Angabe  der  Apparate.  HoFi,ER  und 
WiTASEK.  Barth,  Leipzig,  1900.  pp.  viii-f-30. 
The  above  is,  we  believe,  the  first  collection  of  elementary  psy- 
chological experiments  published  in  German.  It  consists  of'direc- 
tious  for  seveuty-five  simple  experiments,  and  is  designed  for  use  in 
gymnasia,  normal  schools,  and  similar  institutions  where  students 
begin  the  subject.  For  the  sake  of  having  some  systematic  order  of 
presentation  the  authors  have  followed  the  Psychologie  of  Hofler,  and 
cross  references  are  made  to  both  the  larger  and  smaller  forms  of  that 
work.  The  experiments  have  all  proved  their  value  in  actual  teach- 
ing, and  can  be  performed  with  a  minimum  of  apparatus — a  considera- 
ble number  without  any.  Several  are  new  in  form  and  a  few  in  sub- 
stance. A  list  of  standard  apparatus  (with  prices  as  furnished  by  W. 
J.  Rohrbeck's  Nachfolger,  Wien  I.,  Karutnerstr.  59)  is  appended.  The 
collection  is  one  that  should  prove  valuable  to  any  one  engaged  in 
teaching  elementary  psj'chology.  E.  C.  S. 

On  a  Flicker  Photometer.    Ogden  N.  Rood.    Science,  N.  S.  VII,  1898, 

757-759- 
On  Color  Blindness :     On  the  Application  of  the  Flicker  Photometer 

to  the  Quantitative  Study  of  Color  Blindness.     Ogden  N.  Rood. 

Ibid.,  785-786. 

On  the  Flicker  Photometer.     Ogden  N.  Rood.     American  Journal  of 
Science,  Ser.  4,  VIII  C1899),    194-198. 

On  Color-vision  and  the  Flicker  Photometer.    Ogden  N.  Rood.   Ibid., 
258-260. 

The  first  and  third  of  these  papers  describe  means  by  which  Prof. 
Rood's  flicker  method  of  photometry  may  be  applied  to  colored  lights, 
as,  for  example,  those  of  incandescent  lamps,  and  give  experimental 
data  showing  the  accuracy  of  the  method. 

The  second  and  fourth  are  of  more  immediate  interest  to  students  of 
color-vision.  In  the  second  paper  are  given  results  of  measurements 
by  the  flicker  method  of  the  relative  brightness  of  red  and  green  lights 
as  seen  by  observers  known  to  be  defective  in  the  vision  of  red  as  com- 
pared with  the  brightness  of  the  same  colors  as  seen  by  Prof.  Rood 
himself.  The  differences  are  of  striking  amount,  the  color-blind 
observers  finding  the  red  and  green  lights  respectively  about  20%,  and 
85%  as  bright  as  they  seemed  to  Prof.  Rood,  on  the  assumption  that  he 
and  the  other  observers  were  equally  sensitive  to  violet  blue.  Another 
observer,  partially  red  blind,  saw  red  about  63%  as  bright  as  Prof. 
Rood.  The  fourth  paper  gives  the  results  of  tests  by  the  same  method 
upon  the  eyes  of  "normal"  observers.  These  also  showed  distinct 
differences  in  the  relative  brightness  with  which  they  saw  red,  green, 
and  violet  blue,  though  the  degree  of  difference  was  in  most  cases 
less  than  even  with  the  green  in  the  former  cases.  Classified  with  ref- 
erence to  green,  they  form  two  pretty  distinct  groups:  one  in  which 
green  is  weak  compared  with  red  and  violet  blue,  and  the  other  in 
which  it  is  stronger  than  either.  It  would  seem  that  Prof.  Rood  has 
here  under  investigation  the  same  differences  of  "normal"  vision  as 
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have  previously  been  noted  by  Rayleigli  and  Douders  (see  Helmholtz, 
Optik.  2te  Aufl.,  p.  359),  and  that  his  flicker  photometer  offers  a  par- 
ticularly convenient  method  of  investigating  them.  E.  C.  S. 

The  Behavior  of  Unicellular  Organisins.  II.  S.  Jennings.  Biological 
Lectures  from  the  Marine  Biological  Laboratory  of  Woods  IIoll, 
1899.     pp.  93-112.     Seventh  Lecture. 

Studies  on  Reactiotis  to  Stimuli  in  Unicellular  Organisms. —  VI.  On 
the  Reactions  of  Chilomonas  to  Organic  Acids.  H.  S.Jennings. 
American  Journal  of  Physiology,  III,  1900.     397-403. 

Reactions  of  Infusoria  to  Chemicals  :  A  Criticism.  H.  S.  Jennings. 
American  Naturalist,  XXXIV,  1900.     259-265. 

In  the  first  of  these  papers  Dr.  Jennings  considers  the  behavior  of 
unicellular  organisms  with  a  view  to  (ieterminiug  whether  their  move- 
ments are  of  such  a  character  as  to  explain  the  migrations  of  cells  iu 
the  embryo  as  some  embryologists  have  been  ready  to  assume.  In  the 
course  of  his  discussion  the  author  formulates  his  observations  with 
reference  to  the  activities  of  these  low  forms  iu  a  clear  and  interesting 
manner,  illustrating  them  chiefly  by  the  behavior  of  paramecia.  Three 
forms  of  activity  are  found:  "  (i)  One  is  the  thigmotactic  reaction. 
Starting  with  the  moving  infusorian,  we  find  that  it  reacts  to  contact 
with  solid  bodies  of  a  certain  physical  texture  by  suspending  part  of 
the  usual  ciliary  motion,  so  that  locomotion  ceases  and  the  organism 
remains  pressed  against  the  solid."  "  (2)  If  we  start  with  the  resting 
individual,  the  simplest  reaction  to  a  stimulus  is  the  resumption  of  the 
usual  forward  motion.  This  is  the  reaction  that  is  produced  when  the 
solid  substance  against  which  the  creature  is  resting  is  removed  ;  it  is 
also  produced  in  some  infusoria  when  the  posterior  part  of  the  body  is 
stimulated  mechanically."  "  (3)  The  third,  and,  for  our  purpose,  most 
important  reaction,  to  which  most  of  the  so-called  tactic  or  tropic  phe- 
nomena are  due,  may  occur  in  either  active  or  resting  animals.  It  is 
a  reflex  consisting  of  the  following  activities  :  the  animal  swims  back- 
ward, turns  toward  one  structurally  defined  side,  then  swims  forward. 
This  reaction  is  produced  by  chemical  stimuli- acting  upon  any  part  of 
the  body  or  upon  the  entire  body  at  once,  by  osmotic  stimuli,  by  heat, 
by  cold,  by  mechanical  shock.  Its  general  effect  is  to  take  the  organ- 
ism out  of  the  sphere  of  operation  of  the  agent  causing  the  stimulus,  or 
to  prevent  it  from  re-entering."  These  creatures  therefore  have  a  crude 
adaptation  of  reflex  movements  to  the  nature  and  place  of  the  stimu- 
lus received.  Their  movements  are  neither  on  the  one  hand  the  result 
of  mere  chemical  or  physical  attractions  or  repulsions,  nor  on  the 
other  of  complex  psychic  conditions,  but  are  "  of  the  same  order  as  the 
motor  reflexes  of  higher  animals."  This  is  a  somewhat  different  and 
doubtless  better  considered  statement  than  that  of  the  author  in  the 
final  paragraph  of  his  article  in  this  four na I  (Vol.  X,  1898-99,  p.  515) 
where  he  speaks  of  them  as  "comparable  in  all  essentials  to  those  of 
an  isolated  muscle."  The  activities  of  unicellular  organisms  being  of 
this  reflex  character  and  not  of  the  more  purely  chemical  and  physical 
sort,  the  writer  is  inclined  to  decide  against  their  being  useful  in  solv- 
ing the  original  question  of  cell  migrations  in  the  embryo. 

The  other  two  papers  mentioned  above  are  more  or  less  controver- 
sial and  devoted  to  clearing  up  differences  between  the  observations  of 
the  author  and  those  of  Garrey.w'ho  has  also  published  along  nearly  the 
same  lines.  The  author  seems  successful  iu  showing  that  the  obser- 
vations of  Garrey  are  in  accord  with  his  own  general  principle  quoted 
as  (3)  above.  E).  C.  S. 
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venient summary  chapter  resumes  his  conclusions. 

The  Order  of  Development  of  Color  Perception  and  of  Color  Prefer- 
ence in  the  Child,  by  W.  A.  Holden  and  K.  K.  BOSSE.     Reprint 
from  the  Archives  of   Ophthalmology,  Vol.  XXIX,  No.  3,  1900. 
pp.  261-277. 
The  author's  conclusions   support   singularly  well   the  Gladstone 
theory  of  the  development  of  the  color  perception  in  the  human  race, 
although  we  must  go  down  far  below  primitive  man  to  find  the  begin- 
ning of  color  perception.     Red   seems  to  lead  in  the   preference  of 
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Le  Crime  et  Le  Suicide  Passionnels,  par  Louis  Proai,.  F.  Alcan, 
Paris,  1900.  pp.  683.  Price,  Fes.  10. 
Proal  has  given  us  here  a  comprehensive  monograph  on  single  and 
double  passional  suicide,  its  relations  to  love,  hate,  seduction,  jealousy, 
passion,  precocity,  contagion,  the  effects  of  romance  and  the  theater, 
and  finally  the  responsibility  and  the  possibility  of  diminishing  this 
crime. 
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F.  Thienemann,  Gotha,  1900.     pp.  28. 
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phia Divinity  School  and  treats  Jesus,  God,  his  kingdom,  Jesus'  es- 
timate of  himself,  of  man,  his  doctrine  of  the  last  things,  the  apostles, 
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Edited  b}'  Orello  Cone.     Adam  and  Charles  Black,  London,  1900. 
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sible or  desirable?  free  from  Rome. 
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COMMUNICATION. 

To  the  Editors  of  the  American  Journal  of  Psychology, 

Gentlemen  : 

I  regret  to  say  that  through  inadvertence  no  mention  was  made  in 
my  recent  paper  on  "The  Psychology  of  Conjuring  Deceptions"  of 
Professor  Joseph  Jastrow's  important  studv  of  the  same  subject  (The 
Psychology  of  Deception,  Pop.  Sci.  Mo.,  1888,  Vol.  XXXIV,  pp.   145- 

157)- 

Professor  Jastrow  was,  so  far  as  I  know,  the  first  to  enter  upon  this 
field,  and  subsequent  investigators  naturally  find  themselves  under 
obligation  to  him.  The  writer's  attention  has  also  been  called  to  the 
fact  that  through  Dessoir's  lack  of  acknowledgment  to  this  same  author 
several  citations  have  been  credited  to  Dessoir  that  are  to  be  found  in 
Jastrow's  original  paper. 

Respectfully, 

Norman  Tripi,ett. 

Clark  Universit)',  Sept.,  1900. 
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THE  NECESSITY  FOR  A  NEW  STANDPOINT  IN 
SIvEEP  THEORIES. 


By  Henry  Hubbard  Foster,  A.  B.  Cornell  University. 


Sleep  theories  have  suffered  from  two  great  lacks,  lack  of  com- 
munity of  work  and  lack  of  systematization.  Although  many- 
valuable  researches  have  been  made  upon  the  physiological  con- 
ditions of  sleep,  the  work  so  far  has  been  scattered  and  carried 
on,  for  the  most  part,  by  specialists  in  their  own  departments, 
without  a  proper  realization  of  the  breadth  of  the  problem  or 
the  interrelation  of  its  various  phases.  Recent  theories  have 
shown  a  tendency  to  combine  elements  from  the  three  main  lines 
of  investigation  followed,  but  such  systematization  has  not  been 
carried  far.  It  is  the  object  of  the  present  article  to  subject  the 
factual  basis  of  the  vasomotor,  the  chemical,  and  the  histological 
theories  of  sleep  to  as  thoroughgoing  and  impartial  criticism  as 
possible,  and  to  show  the  exact  relation  of  each  to  the  problem 
in  hand.  In  attempting  this  it  has  been  necessary  to  treat  the 
subject  from  the  evolutionary  standpoint.  The  theory  presented 
in  the  concluding  chapter  claims  nothing  of  finality.  It  is  not 
our  purpose  to  add  another  to  the  already  too  numerous  theories 
of  sleep,  but  rather  to  gain  a  new  point  of  attack, — which  we 
believe  to  be  the  only  point  of  attack  that  oflFers  promise  of  a 
solution  of  the  problem. 

I.     The  Circulation  Theories. 

The  phenomenon  of  sleep  has  never  received  the  attention 
that,  from  its  importance  to  life,  it  deserves.  As  with  all  sci- 
entific problems  which  have  been  of  general  interest  to  mankind, 
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the  first  explanations  were  attempted  by  the  philosophers.  Kant^ 
marks  an  important  epoch  in  sleep  theories,  since  he  definitely 
turns  these  problems  over  to  science,  declaring  that  ph3'siolo- 
gists  alone  are  capable  of  formulating  a  satisfactory  theory.  To 
the  earlier  physiologists,  explanations  in  terms  of  animal  spirits, 
nervous  fluid,  cerebral  vibrations,  etc.,  were  very  easy.  Sleep 
was  commonly  explained  as  due  to  the  exhaustion  of  the  nervous 
fluid  or  to  a  diminution  in  its  mobility.  During  this  period  it 
was  supposed  to  flow  back  to  the  brain  and  nervous  centers. 
When  the  nervous  system  was  sufficiently  recharged  and  the 
recuperated  muscles  ready  to  respond,  awakening  resulted.^ 

With  the  advent  of  a  more  scientific  physiology  in  the  first 
quarter  of  the  present  century,  vitalism  was  gradually  forced 
to  retire,  but  in  sleep  theories  many  of  the  elements  that  were 
closely  associated  with  the  older  theories  remained.  Albrecht  von 
Haller  and  Hartley,  in  particular,  had  insisted  on  the  part  that 
the  circulation  of  the  blood  plays  in  the  causation  of  sleep.  Sleep 
was  for  them  the  result  of  pressure  on  the  brain  due  to  venous 
congestion,  which  impeded  the  flowof  the  nervous  fluid  or  inter- 
fered with  the  cerebral  vibrations.  They  also  adduced  many 
facts  and  observations  in  support  of  venous  congestion.  Subse- 
quent investigators  contributed  still  more,  until  quite  an  impos- 
ing structure  was  reared.  Until  1870,  this  congestion  theory  in 
one  form  or  another  was  that  most  widely  accepted.  The  chief 
observations  on  which  it  rests  are: 

1.  The  resemblance  of  sleep  to  apoplexy,  epileptic  seizures,  and 
allied  pathological  states,  iu  which  there  is  a  clearly  marked  con- 
gestion. 

2.  Pressure  on  the  brain  produces  unconsciousness  in  cases  of  frac- 
tured skull. 

3.  The  horizontal  position  (and  according  to  some  authors,  the 
head  lower  than  trunk)  is  favorable  to  sleep. 

4.  Children  and  the  aged  (?)  sleep  more  than  the  normal  adult. 
This  in  the  case  of  children  was  interpreted  as  due  to  compression 
of  the  skull  upon  the  growing  brain,  in  the  aged,  to  loss  of  tone  of 
cerebral  vessels.  For  lack  of  compression,  the  sympathetic  system 
never  sleeps.      Full  blooded  people  are  good  sleepers. 

5.  Opiates  and  narcotics  induce  sleep  by  derivation  of  the  blood  to 
the  head.     (?) 

6.  '  All  the  causes  which  tend  to  produce  sleep  are  causes  that  tend 
to  lower  the  action  of  the  heart  or  to  retard  the  circulation  in  the 
brain  '  and  hence  to  bring  about  a  state  of  cerebral  congestion.  (?)^ 

In  general  criticism,  it  need  only  be  said  that  this  theory  is 
now  absolutely  contradicted   by  experimental  evidence,   and 

^Kant :  p.  126. 

2  For  historical  r^sum^s  of  sleep  theories,  see  Duval  (Jacoud),  Ch. 
Pupin,  Radestock  (appendix).  For  the  Vitalistic  theories,  see  Hart- 
ley, Haller,  Erasmus  Darwin,  Clutterbach,  Hammond  (1869),  and  End. 
Brit.  (1799). 

^Many  of  these  observations  are  palpably  incorrect. 
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serves  as  a  warning  of  the  danger  of  attempting  an  explanation 
of  a  physiological  state  by  reference  to  a  pathological  state  that 
bears  to  it  only  superficial  resemblances.^ 

The  next  theory  to  gain  general  ground  was  still  a  theory  in 
terms  of  blood  circulation,  but  was  directl}^ opposed  to  the  preced- 
ing, in  that  it  attributed  sleep  to  cerebral  anaemia.  Before  at- 
tempting any  general  statement  or  criticism,  we  shall  first  treat 
of  its  history.  Blumenbach,''^  in  1795,  advocated  the  diminution 
of  the  circulation  of  the  blood  as  the  proximate  cause  of  sleep. 
His  conclusion  was  based  upon  an  observation  on  the  volume 
of  the  brain  in  a  young  man  who  had  fractured  his  skull  by  a 
fall.  The  opening  remained  covered  only  by  the  membrane. 
During  sleep  the  chasm  was  deep,  in  waking  hours  superficial. 
In  1 82 1,  a  case  of  fractured  skull  in  a  Moutpellier  woman  was 
reported,'  and  later  another  case  by  Kennedy,  confirming  Blu- 
menbach's  observations.*  The  first  attempt  at  experimentation 
was  made  by  Bonders  (1854),  who  cut  away  a  piece  of  the 
skull  of  an  animal  and  examined  the  condition  of  the  cerebral 
vessels  through  a  watch  glass  cemented  over  the  hiatus.  He 
discovered  the  condition  to  be  that  of  anaemia.  Kussmaul  and 
Tenmer  in  Germany  repeated  the  experiment.  In  1855,  Flem- 
ing reported  that  the  compression  of  the  carotid  arteries  on 
himself  and  other  subjects  produced  a  dreamlike  state  of  con- 
sciousness, while  compression  of  the  jugular  veins  resulted  in 
an  entirely  different  state. 

So  far  these  experiments  and  observations  were  scattered  and 
had  not  attracted  general  attention,  yet  together  with  the  other 
objections  that  could  be  urged,  they  were  sufl&cient,  in  many 
quarters,  to  shake  confidence  in  the  congestion  theory.  A  few 
of  the  writers  who  treat  sleep  at  all  were  favorably  impressed 
with  anaemia,  while  many  others  grew  non-committal.  The 
time  was  now  ripe  for  the  more  thorough  and  convincing  in- 
vestigations of  Durham  and  Hammond.  As  has  frequently 
happened  in  the  history  of  science,  these  experiments  were 
carried  on  independently  and  almost  at  the  same  time.  Dur- 
ham was  the  first  to  publish.  His  monograph  on  the  Physi- 
ology of  Sleep  marks  the  beginning  of  a  new  epoch  in  the 
study  of  sleep  problems.    It  justly  deserves  to  rank  as  a  classic. 

1  With  this  theory  can  be  associated  such  names  as  Cabanis,  Bedford- 
Brown,  G.  H.  Lewes,  Metcalfe,  H.  Holland,  Marshall  Hall,  Clutter- 
bach,  Sieveking,  Dickson,  Macnish,  and  W.  B.  Carpenter  (in  his  earlier 
writings). 

^Bluemenbach  :  (Tr.)  p.  199. 

^According  to  Durham  the  Montpellier  case  was  reported  by  Cald- 
well, according  to  Hammond  by  Dendy.  I  have  not  been  able  to  find 
the  original. 

*For  other  cases  of  fractured  skull  see  Brown,  Hammond  (1869), 
Mosso  (1S80). 
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His  experimeuts  were  performed  chiefly  on  dogs.  After  chloro- 
forming, a  portion  of  the  skull  about  the  size  of  a  shilling  was 
removed  by  trephining  from  the  parietal  region  and  the  dura 
mater  cut  away.^  Durham  found  a  remarkable  contrast  in  the 
appearance  of  the  brain  during  its  periods  of  rest  and  activity. 
In  the  former  state,  veins,  capillaries,  and  smaller  arteries  were 
indistinct,  and  the  surface  pale  and  below  the  level  of  the  bone, 
while  in  the  latter  the  vessels  were  filled  with  blood,  clearly 
distinguishable  in  color,  and  the  surface  was  distended  and  rosy. 
In  order  to  satisfy  himself  still  further  as  to  the  value  of  his 
experiments,  he  used  the  watch  glass  precaution  for  excluding 
the  influence  of  atmospheric  pressure,  applied  powerful  lenses, 
and  compared  the  cerebral  condition  of  waking  and  sleeping  dogs 
placed  side  by  side.  Later,  by  artificial  ligaturing  of  carotids 
and  jugulars,  he  confirmed  Fleming's  observations. 

Rejecting  the  congestion  theory,  he  attempts  to  formulate  a 
theory  of  his  own.  His  fundamental  standpoint  is  seen  in  the 
definition  of  sleep  as  "that  particular  state  of  cerebral  inac- 
tivity, which  is  essentially  associated  with  nutrition  and  repair 
of  brain  substance."  Now,  according  to  Durham,  cerebral  in- 
activity is  directly  proportional  to  oxidation  of  brain  substance. 
Consequently,  whatever  tends  to  lessen  the  mutual  afl&nity  of 
brain  tissue  and  oxygen  or  to  prevent  that  affinity  from  coming 
into  active  operation,  may,  within  certain  limits,  become  more 
or  less  directly  the  cause  of  sleep.  Among  such  causes,  he 
enumerates  the  diminished  susceptibility  of  the  brain  matter 
itself,  the  diminished  activity  of  the  oxygen  supplied,  and  the 
accumulation  of  decomposition-products  which  catalytically 
check  the  reaction.  It  is  upon  the  last  mentioned  cause  that 
Durham  laj's  most  stress.  But  none  of  these  causes  can  come 
into  decisive  operation  unless  the  requisite  state  of  circulation 
can  be  established.  The  conditions  of  circulation  usuall)' 
obtaining  during  sleep  are  both  peculiarly  favorable  and  neces- 
sary to  extensive  nutrition.^  The  oxygen  supply  depends 
upon  the  state  of  cerebral  circulation  and  this  in  turn  is  in  a 
relation  of  direct  mutual  interdependence  to  the  condition  of 
the  brain.  Therefore,  powerful  predisposing  causes  to  sleep 
may  be  found  in  whatever  tends  to  decrease  cerebral  circula- 
tion. This  decrease  can  be  brought  about  either  through  the 
nervous    system,    e.  g.,   by    presence  or   absence  of  stimuli, 

^Durham:   i860,  pp.  153  £f. 

2  During  activity,  the  rapid  and  abundant  flow  of  blood  through  the 
capillaries  results  in  a  large  supply  of  oxygen,  favors  endostnosis  into 
the  vessels  of  products  of  oxidation,  and  is  unfavorable  to  exosmosis 
of  nutriment  material  from  vessel  to  tissue.  During  sleep,  the  slower 
and  diminished  flow  of  blood  favors  exosmosis.  Vide  Kohlschiitter 
(1869). 
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central  or  peripheral,   or  through  the  vascular  system,  e.  g., 
by  decrease  in  force  or  frequency  of  heart  beat. 

Durham  describes  much  credit  for  the  wide  range  of  facts  on 
which  he  bases  his  conclu.sions  and  for  his  scientific  caution  ;  but 
it  is  evident  that  his  theory  does  not  go  far  towards  an  explana- 
tion of  sleep.  It  is  fairly  bristling  with  special  problems,  and 
is  made  up  of  elements  that  call  for  greater  systematization  and 
subordination.  Traces  of  three  more  or  less  distinct  lines,  which 
investigators  have  subsequently  followed,  are  vi.sible:  (i)  the 
effects  of  auto-intoxication,  (2)  the  necessity  of  oxygen  to  cere- 
bral activity,  and  (3)  the  study  of  the  mechanism  b}'  which  the 
vascular  changes  are  brought  about.  The  first  two  tend  to 
theories  which  emphasize  chemical  activities  and  reduce  altera- 
tions in  circulat^ion  to  the  role  of  a  secondary  factor.  Hence 
we  shall  postpone  consideration  of  the  auto-intoxication,  and  a 
general  discussion  of  the  necessity  of  oxygen,  until  we  come  to 
treat  of  the  chemical  theories.  An  important  point  to  notice 
about  Durham's  theory,  and  one  that  has  been  generally  over- 
looked, is  that  he  never  definitely  commits  himself  to  more  than 
the  statement  of  a  mutual  interdependence  of  the  condition  of 
the  brain  and  the  condition  of  the  circulation.  He  does  not 
state  whether  cerebral  anaemia  is  the  cause  or  a  result  of  cere- 
bral inactivity. 

Wm.  Hammond's  attention  was  first  directed  to  the  anaemic 
condition  of  the  brain  during  sleep  by  a  case  of  fractured  skull 
in  1854.^  His  experiments  (i860)  were  of  the  same  character 
as  Durham's,  although  not  as  extensive  except  upon  the  influence 
of  anaesthetics  and  narcotics  on  the  circulation.  They  yielded 
like  results.^  Later  by  means  of  a  manometer  he  conclusively  dem- 
onstrated that  the  blood  pressure  on  the  brain  is  less  during 
sleep. ^  Hammond  makes  little  attempt  at  theory.  After  point- 
ing out  the  chief  differences  between  sleep  and  stupor,  he  attrib- 
utes the  exciting  cause  of  sleep  to  the  necessity  for  nutrition  and 
the  removal  of  waste,  the  immediate  cause  to  cerebral  anaemia. 
This  influence  of  anaemia  is  shown  by  the  action  of  the  heart, 
which  draws  the  blood  from  the  internal  organs,  including  the 
brain,  to  the  skin,  thus  causing  sleepiness;  by  the  action  of 
extreme  cold,  which  produces  similar  effects;  by  the  action  of 
digestion,  which  draws  the  blood  to  the  alimentary  tract;  and 
by  the  tendency  to  sleep  as  exhibited  in  debility  and  excessive 

1  For  Hammond's  works,  see  Bibliog.  at  end. 

'^For  other  experiments,  see  Vizioli,  Mosso  (1880).  Tarchanoff  (1894) 
lias  recently  by  experiments  on  young  puppies  entirely  eliminated  the 
possible  factor  of  chloroformization. 

^Hammond  (1869),  appendix.  Weir  Mitchell's  experiments  con- 
firm. 
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loss  of  blood.    Although  unelaborated,  this  is  a  clear  statement 
of  the  vasomotor  theory.-^ 

Investigators  of  sleep  phenomena  now  became  more  numer- 
ous. Their  work,  however,  was  still  characterized  by  little 
community  of  labor.  It  will  hardly  be  profitable  to  treat  of 
all  the  investigations  and  all  the  theories  of  the  vasomotor  type 
in  chronological  order.  We  shall  content  ourselves,  therefore, 
with  picking  out  a  few  of  the  most  typical. 

Girondeau  (1868),  making  use  of  the  discover}'  by  Boll  and 
Robin  of  the  lymphatic  spaces  around  the  cerebral  vessels, 
attempted,  in  a  rather  fantastic  fashion,  to  account  for  the  re- 
tardation of  the  blood  circulation  by  a  compression  of  the  ves- 
sels due  to  an  accumulation  of  lymph.  J.  Leonard  Corning 
(1882),  in  studying  the  connection  of  throbbing  carotids  with 
epileptic  attacks,  invented  an  instrument  for  carotid  compres- 
sion. Through  its  means,  he  found  that  a  certain  degree  of 
compression  in  the  evening  was  much  more  efficient  in  the  pro- 
duction of  sleep  than  in  the  morning.  Arguing  from  this  fact 
to  the  conclusion  that  the  flow  of  oxygenated  blood  was  in  each 
case  the  same,  he  is  led  to  seek  the  primary  impulse  to  sleep  in 
the  exhaustion  of  stored  intra-ganglionic  material.  The  con- 
tinuance of  function  depends  upon  the  amount  of  this  material. 
But  there  is  another  physiological,  factor,  which,  although  fol- 
lowing in  time,  is  of  equal  importance  with  the  first.  The 
explosion  of  plastic  material  is  immediately  dependent  upon 
the  circulation  which  brings  the  oxygen  suppl5\  Other  things 
equal,  intensity  of  function  is  in  the  ratio  of  the  blood  supply. 
Corning  thus  correlates  the  two  factors  of  exhaustion  and 
anaemia. 

A  distinct  advance  towards  a  closer  grappling  with  the  prob- 
lem can  be  seen  in  the  work  of  C.  A.  Moore  (1871).  He 
attempts  to  account  for  the  onset  of  sleep  by  a  discharge  of 
stimulating  influence  from  certain  ganglia  of  the  sympathetic 
system  in  the  neck  along  the  vasomotor  nerves  of  the  cerebral 
arteries.  This  discharge  occurs  when  the  cerebro-spinal  sys- 
tem, through  fatigue  of  the  brain,  is  no  longer  capable  of 
inhibiting  the  sympathetic  ganglia.  Its  effect  is  the  reduction 
of  the  blood  supply  below  the  amount  necessary  to  maintain 
functional  activity,  but  not  below  the  amount  necessary  for 
nutrition.  Moore's  theory  is  open  to  objections  that  make  it 
at  present  untenable.  Its  refutation,  however,  is  important  in 
closing  two  possible  lines  of  explanation  that  might  be  at- 
tempted,     (i)^  There  is  no  such  inherent  antagonism  between 

^I  shall  employ  the  more  usual  term  vasomotor,  from  the  most  typ- 
ical iu  the  group,  in  place  of  anaemia  theory. 

^See  Porter:  Donaldson.  The  experiments  of  Franck,  1894,  p.  721, 
and  of  Goltz  and  Uwald,  1896,  p.  389,  are  to  the  point. 
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the  cerebro-spinal  and  sympathetic  as  Moore  assumes  ;  (2)'  al- 
though high  authorities  have  been  led  to  believe  in  a  special  vas- 
omotor system  in  the  brain,  the  weight  of  scientific  opinion  at 
present  is  against  any  such  system.  But,  however  this  prob- 
lem maj^  be  settled,  we  have  the  strongest  kind  of  experimental 
evidence  that  both  the  total  amount  of  blood  in  the  brain  and 
the  rapidity  of  flow  depend  chiefly  upon  conditions  of  general 
blood  pressure.^  Until  that  evidence  is  shaken,  the  probabilities 
are  all  in  favor  of  a  vasomotor  theory  that  explains  cerebral 
anaemia  by  a  loss  of  tone  in  vasomotor  centers.  Such  a  theory 
is  that  of  Howell  (1897).  It  is  the  most  recent  and  by  far 
the  strongest  presentation  of  the  vasomotor  theory  yet  made. 
As  such,  it  demands  detailed  criticism. 

Howell's  point  of  attack  is  gained  from  experiments  performed 
on  the  dilatation  of  cutaneous  vessels  during  sleep.  A  water 
plethysmograph  was  attached  to  the  forearm  of  the  .sleeper, 
with  the  no-pressure  point  kept  at  the  middle  part  of  the  por- 
tion immersed.  Great  difficulty  was  at  first  found  in  sleeping 
under  such  unusual  conditions,  and  it  was  necessary,  to  gain 
satisfactory  results,  for  the  subject  to  fatigue  himself  by  con- 
siderable out-of-door  exercise  or  by  light  sleep  on  the  previous 
night.  The  experimenter  kept  a  record  of  the  various  condi- 
tions of  the  sleeper,  and  their  effect  on  the  curve.  As  soon  as 
the  subject  lay  in  bed  and  attempted  to  go  to  sleep,  the  ex- 
periment began.  The  curve  fell — the  exact  moment  of  the 
setting  in  of  sleep  was  impossible  to  determine — until  it  reached 
its  minimum  in  one  to  one  and  one-half  hours,  where  it  remained 
with  minor  oscillations  for  an  hour  or  two.  A  quite  gradual 
rise  now  commenced,  growing  more  rapid  for  the  half  hour 
just  preceding  complete  awakening.  Besides  the  general  course 
of  the  curve,  there  were  two  classes  of  oscillations  noted :  ( i ) 
short,  brief,  variable  oscillations  usually  traceable  to  external 
stimuli  or  movements,  (2)  nearly  hourly  periodic  waves  proba- 
bly due  to  rhythmic  changes  in  the  vasomotor  center.  Howell's 
experiments  number  twenty  in  all.  Mosso  has  also  made  obser- 
vations proving  an  increase  in  the  volume  of  the  lower  limbs 
during  sleep  and  a  corresponding  decrea.se  during  mental  activ- 
ity,^ results  which,  before  Howell,  were  confiirmed  by  Bar- 
deen  and  Nicols,  and  by  Dr.  Shields  in  the  Johns  Hopkins 
laboratory,  Durham  can  be  quoted  in  favor  of  dilatation  of  the 
skin  vessels.  He  based  his  conclusion  chiefly  upon  the  increase 
of  temperature  at  the  surface,  which  can  be  seen  even  by  the 
unscientific  observer  in  the  flushed  condition  of  the  skin,  and 
upon  the  observations  ot  Sanctonus,  Keill  and  Edwards,  which 

1  Foster,  5th  Ed.  Pt.  Ill,  pp.  1131  ff.     Also,  Pt.  Ill,  1897.     Mosso. 
2 Hill:  1896,  pp.  4off. 
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establish  that  perspiration  in  sleep  is  at  once  more  copious  and 
solid  than  in  the  waking  state.  Innumerable  observations  in 
daih^  life  go  to  show  a  reciprocal  relation  between  the  blood 
supply  of  the  brain  and  skin.  There  can  be  no  doubt  of  the  fact 
of  dilatation  of  cutaneous  vessels  during  sleep.  As  to  splanch- 
nic dilatation,  Howell,  while  admitting  that  it  would  perform  the 
same  function  as  cutaneous  dilatation  and  would  greatly  aid  in 
the  production  of  cerebral  anaemia,  is  inclined  to  deny  it  a  place 
on  the  ground  of  lack  of  evidence.  However,  many  of  the 
highest  authorities  assign  to  the  splanchnic  vasomotor  center 
the  main  role  in  the  regulation  of  the  cerebral  circulation.^ 
Hill's  experiments  show  the  absolute  necessity,  as  well  as  the 
nicet}'  of  adjustment,  of  the  splanchnic  vasomotor  mechanism 
for  compensation  of  alterations  in  hydrostatic  pressure  due  to 
changes  of  bodilj'  position.^  By  paralysis  or  section  of  splanch- 
nic vasoconstrictor  nerves,  death  may  follow  from  cerebral 
anaemia.  The  blood  supply  to  the  internal  organs  is  not 
increased,  for  there  is  a  noticeable  decrease  in  function  in  all  cases. 
Reciprocal  relations  of  blood  supply  seem  to  hold  here  between 
skin  and  internal  organs,  as  well  as  between  skin  and  brain. 

Taking  the  facts  from  his  experiments  as  data,  Howell  pro- 
ceeds to  construct  his  sleep  theory-. ^  The  derivation  of  blood  to 
the  skin  vessels  must  necessarily  result  in  a  lessening  of  arterial 
pressure  in  the  arteries  at  the  base  of  the  brain,  thereby  bring- 
ing about  a  condition  of  cerebral  anaemia.  If  we  seek  the 
cause  of  this  alteration  of  circulation,  we  must  look  to  the  vaso- 
motor center.  This,  we  know,  is  kept  in  a  constant  state  of 
activity  by  the  continual  stream  of  in-coming  and  out-going 
impulses.  That  it  is  subject  to  fatigue  can  be  shown  by  ex- 
periments upon  the  stimulation  of  the  sciatic  nerve  in  curarized 
and  narcotized  animals.  Being  thus  placed  at  the  very  center 
of  nervous  activity,  exposed  to  continual  stimulation,  a  condi- 
tion of  fatigue,  proportional  to  nervous  activity,  must  neces- 
sarily result.  Further,  the  long  duration  of  sleep,  after  the 
cortical  cells  have  regained  their  irritability  sufficiently  for 
arousal  on  moderate  or  slight  stimulation,  as  shown  by  the 
curve  of  intensity  of  sleep  (Kohlschiitter,  Michelson,  and 
others),  can  best  be  explained  by  the  necessity  for  longer  rest 
of  the  vasomotor  mechanism.  The  periodicity  of  sleep  is, 
therefore,  to  be  directly  associated  with  the  fatigue  rhythm  of 
the  vasomotor  cells.  The  lessening  of  the  blood  supply,  while 
the  immediate  cause  and  under  normal  circumstances  not  only 
the  necessary  but  the  determining  element,  is  not  the  onl}'  factor 

1  Foster:  op.  cit.;  Porter:  op.  cit. 

2  Hill  (1896):  pp.  78  ff. 

8  In  summarizing,  I  quote  and  abbreviate  freely. 
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involved  in  the  production  of  sleep.  Two  other  factors,  singly 
or  together,  may  co-operate  with  augemia  :  (i)  a  diminution  of 
irritability,  caused  by  fatigue  of  large  portions  of  the  cortical 
area  (particularly  sensory  and  association  areas);  and  (2)  vol- 
untary withdrawal  of  sensory  and  mental  stimuli,  involved  in 
preparation  for  sleep.  For  lack  of  experimental  data,  Howell 
refuses  to  add,  as  Durham  and  Corning  did,  chemical  elements 
to  his  theory,  or  to  discuss  the  exact  relation  of  blood  supply 
to  functional  activity  or  quiescence  of  the  organ.  His  theory 
is  by  far  the  strongest  presentation  of  the  vasomotor  theory  yet 
made. 

The  main  point  of  criticism  is  the  importance  attached  by  this 
theory  to  the  fatigue  of  the  vasomotor  centers.  There  are  two 
lines  of  attack.  ( i )  The  plethysmographic  curve  commenced  to 
fall  as  soon  as  the  subject  assumed  a  horizontal  position  in  bed 
and  attempted  to  go  to  sleep.  The  curve  for  arterial  pressure 
shows  a  similar  fall  under  the  same  conditions.  But  these  results 
need  not  be  interpreted  to  be  due  wholly  to  loss  of  tone  of  the 
vasomotor  cells  of  the  bulb,  for  such  a  fall  occurs  whenever  the 
subject  assumes  the  conditions  of  rest.  In  Hill's  experiments, 
the  arterial  pressure  was  as  low  in  the  waking  state,  when  the 
subject  lay  in  bed  in  the  morning,  as  in  the  sleeping  state  in  the 
evening.  The  horizontal  position  tends  alwaj-s  to  lower  arterial 
pressure.^  The  absence  of  movement  in  the  limbs  also  contrib- 
utes to  the  same  result,  since  it  removes  two  important  factors  (the 
compression  of  the  muscles  and  changes  in  position)  in  the  return 
of  the  blood  through  the  veins.  These  considerations  empha- 
size the  importance  of  purely  mechanical  and  reflex  causes  in  the 
circulatory  changes  of  sleep.  (2)  A  decrease  in  tone  undoubt- 
ed!}' occurs  in  the  vasomotor  center,^  but  this  loss  of  tone  is  by 
no  means  confined  to  that  center.  The  other  bulbar  and  spinal 
centers  share  it  in  common.^  All  reflexes  are  slow  and  less 
intensive.'*  At  the  periphery  the  decrease  can  be  seen  in  the 
perceptions  of  dullness  in  the  forehead  and  eye-lids,  tingling  in  the 
conjunctiva,  feeling  of  feebleness  in  the  voluntary  muscles,  etc., 
which  often  precede  sleep. ^  The  nerves  alone  remain  unaffected 
in  their  capacity  for  functioning.*'  The  condition  of  the  vaso- 
motor center  is,  then,  only  one  manifestation  of  a  phenomenon, 
general  throughout  the  nervous  system.  A  search  for  the  causes 
of  this  phenomenon  leads  to  a  general  discussion  of  organic 

^Hill :  Lancet  (1898),  Jour,  of  Physiol.  (1898).  I  can  see  no  way  of 
reconciling  Hill's  a.  m.  results  with  Howell's. 

"Conclusively  demonstrated  by  Patrizi,  1897. 

'Manaceine:  pp.  20  ff. 

*  Cf.  Lombard's  knee-jerk  experiments,  1887. 

^Berger  and  Loewy. 

^Bowditch  (1890)  has  established  the  fact  that  nerves  can  function  in- 
definitel}'. 
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rhythms,  and  of  the  relative  importance  of  central  and  peripheral 
fatigue  to  the  integrity  of  the  nervous  s5'Stem.  By  the  same 
evolutionary  sanction  that  has  given  the  nervous  tissue  control 
over  the  metabolism  of  all  other  tissues,  the  higher  brain  cen- 
ters have  gained  domination  over  the  periphery/  The  cortical 
cells  are  chemically  the  most  complex  in  the  body.'^  The 
demands  placed  upon  them  for  the  maintenance  of  consciousness 
are  heavy  and  irregular.  While  we  may  not  exclude  fatigue  of 
the  periphery  as  a  possible  factor,  it  is  surely  much  more  true 
to  the  known  facts  to  look  to  fatigue  of  the  higher  centers 
and  the  necessity  for  their  recuperation  as  the  main  determin- 
ing element  both  in  the  time  of  occurrence  and  the  duration  of 
sleep.  The  initial  loss  of  tone  in  the  vasomotor  center  would 
then  be  chiefly  traceable  not  to  a  local  fatigue,  but  to  Howell's 
two  secondary  factors,  diminution  in  cortical  irritabilitj'  and 
withdrawal  of  stimuli.  The  divergence  of  the  intensity  curve 
of  sleep  and  the  plethysmographic  curve  is  as  readily  explainable 
from  this  standpoint  as  from  Howell's.  The  long  continuance 
of  sleep  at  low  intensity  would  be  due  to  the  need  for  extensive 
storing  of  material  within  the  cell  to  meet  the  demands  of  the 
daj^  period,  while  the  character  of  the  plethysmographic  curve 
would  be  accounted  for  by  the  continuance  of  the  bodily  condi- 
tions of  rest,  together  with  the  low  state  of  cortical  activity  and 
the  lack  of  external  stimuli. 

From  the  time  of  Durham,  circulation  theories  have  taken 
as  their  foundation  cerebral  anaemia.  There  is  another  class 
of  theories,  however,  which,  while  recognizing  the  force  of  the 
new  experiments,  has  managed  to  save  some  of  the  elements 
of  the  older  congestion  theory.  Sergouyef,*  influenced  largely 
by  the  definition  of  sleep  as  a  state  in  which  active  nutrition  is 
maintained  without  diminution,  accepted  anaemia  of  the  cortex, 
but  believed  in  hyperaemia  of  the  portions  at  the  base  of  the 
brain.  His  position  is  somewhat  strengthened  by  Brown- 
Sequard,  who  reports  observations  of  hypercEmia  at  the  base  of 
the  brain  in  many  animals  during  sleep,  and  has  also  shown 
that  congestion  can  be  produced  in  the  same  way  as  cerebral 
anaemia  by  bilateral  section  of  the  two  great  sympathetics. 
De  Boeck  and  Verhoogen  have  more  recently  attempted  a 
somewhat  similar  theory.  According  to  them,  the  resistance 
to  the  flow  of  blood  in  the  arteries  suppl3'ing  the  cortex  is 
greater  than  in  those  supplying  the  base  of  the  brain,  since 
they  are  smaller,  longer  and  more  tortuous,  while  the  other 
arteries,  shorter  and  more  numerous,  leave  the  Circle  of  Willis 

^  Cf.  Verworn,  p.  572, 

'^Fish:  p.  109. 

^See  Berger  and  Loewy. 
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at  right  angles.  For  this  reason,  when  the  arterial  pressure  is 
lowered,  anaemia  in  the  cortex  is  relatively  greater  than  in  the 
basal  ganglia.  This,  as  Howell  points  out,^  would  serve  to 
explain  how  functional  activity  of  the  cortex  could  be  su.spend- 
ed  upon  moderate  fall  of  pressure,  while  that  of  the  lower  cen- 
ters remains.  There  is,  however,  danger  in  over-estimating 
this  difference,  for  we  have  the  best  of  reasons  for  believing 
that  the  activities  of  nutrition  are  not  absolutel}'  heightened, 
but  only  relatively,  in  proportion  to  tissue  waste.  We  have 
shown  above  that  the  loss  of  tone  in  the  nervous  system  is 
general.  Owing  to  his  peculiar  mechanics  of  circulation,  Cap- 
pie,  originally  a  full  fledged  congestionist,  is  still  able  to 
maintain  venous  pressure  upon  the  brain  substance  as  the 
immediate  cause  of  sleep.'*  He  accepts  the  Monro-Kellie 
doctrine  that  the  total  quantity  of  blood  in  the  cranium,  since 
it  is  a  closed  cavity,  is  invariable,  and  that  only  changes  in  its 
distribution  can  occur. ^  Hence,  arterial  and  capillary  angemia 
is  to  be  correlated  with  venous  congestion.  Granting  that  the 
Monro-Kellie  hypothesis  is  true,  still  the  compression  of  the 
brain  substance  could  not  occur:  for  under  physiological  condi- 
tions the  intracranial  pressure  (the  pressure  of  the  brain  upon 
the  cranium)  and  the  cerebral  venous  pressure  are  the  same. 
The  brain  substance  transmits  pressure.  It,  itself,  is  incom- 
pressible.* 

Now  that  we  have  examined  the  most  typical,  we  are  ready 
for  a  summary  of  the  principal  evidence  upon  which  the  vaso- 
motor theories  rest,  and  a  consideration  of  the  adequacy  of 
any  such  theory  to  cover  the  facts,  (r)  Observations  made 
upon  the  condition  of  the  brain  in  cases  of  fractured  skull, 
show  a  decrease  in  brain  volume  during  sleep,  and  mental  inac- 
tivity, an  increase  during  periods  of  activity  and  excitement. 
This  has  been  confirmed  by  experiments  with  the  manometer. 
(2)  Observations  upon  the  condition  of  the  cerebral  blood  ves- 
sels, after  artificially  exposing  with  all  due  caution  portions 
of  the  brain  surface,  have  uniforml}'  shown  an  anaemia  in 
arteries  and  capillaries.  (3)  Experiments  in  carotid  compres- 
sion, when  not  carried  beyond  certain  limits,  have  produced 
states  most  similar  to  sleep,  while  jugular  compression  has 
resulted  in  a  comatose  state,  utterly  dissimilar.  (4)  In  cases 
of  fracture  at  the  base  of  the  skull  or  of  traumatic  injury  to 
the  cribiform  plate  of  the  ethnoid  bone,  permitting  the  escape 

1  Howell :   1897,  p.  340. 

2 For  Cappie's  works,  see  Bibliog. 

^Hill,  1896,  p.  30,  without  asserting  absolute  invariability,  replies 
to  two  arguments  that  have  commonly  been  urged  against  the  Mon- 
roe-Kellie  theor}'. 

*  Demonstrated  by  Grashey.     Hill:  op.  cit.,  p.  2. 
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of  the  cerebro-spinal  fluid, ^  the  escape  is  found  to  be  either 
absent  or  diminished  during  sleep  and  mental  quiescence.  (5) 
The  retina  is  genetically  an  outgrowth  of  the  forebrain.  An 
examination  of  the  retinal  vessels  b)'  the  ophthalmoscope  shows 
them  to  be  in  a  contracted  state  during  sleep,  while  awakening  is 
accompanied  by  dilatation.^  (6)  By  various  experiments,  it  has 
been  shown  that  man^^  of  these  areas,  whose  blood  supply 
stands  in  reciprocal  relations  to  the  brain,  are  congested  during 
sleep,  or  that  a  derivation  of  blood  to  them  produces  somno- 
lence. (7)  The  arterial  pressure  decreases  during  sleep.  The 
pulse  rate  is  slackened.  The  frequency  and  force  of  the  heart 
beat  are  lowered.  (8)  One  of  the  chief  causes  of  insomnia  is  a 
disturbance  of  the  vasomotor  mechanism.  It  is  a  general  law, 
w^hich,  of  course,  may  be  cut  across  by  other  special  laws,  that 
whatever  tends  to  increase  the  cerebral  circulation,  increases 
cerebral  activity  and  is  hostile  to  sleep. ^ 

These  facts  are  all  well  attested  and  are  sufficient  to  put  be- 
yond any  reasonable  doubt  the  anaemic  condition  of  the  cortex,* 
notwithstanding  the  immense  complexity  of  conditions  of  cere- 
bral circulation  and  our  present  ignorance  concerning  them. 
Many  writers,  like  Vulpian  or  more  recently  Berger  and  Loewy, 
without  committing  themselves  to  congestion,  have  urged  objec- 
tions against  cerebral  anaemia.  These  objections  are  all  founded 
upon  insufficient  observations  or  insufficient  knowledge  of  the 
experimental  work  of  others.  No  sleep  theory  that  pretends 
to  anything  like  completeness  can  afford  to  slur  over  these  facts 
or  attempt  to  pass  them  by  without  explanation.  The  great 
point  of  controversy^  in  the  past,  has  been  as  to  whether  anaemia 
is  the  cause  or  the  result  of  the  physiological  condition  of 
the  nervous  system  during  sleep.  This  question  is  not  answered 
by  mere  appeal  to  the  fact  as  established  by  manometer,  sphyg- 
mograph,  and  plethysmograph  records,  that  vascular  changes 
occur  prior  to  the  onset  of  sleep.  So  also  do  changes  in  respi- 
ration, and  in  muscular  tone.  A  search  for  the  cause  of  sleep 
has  led  in  our  own  case,  and  we  believe  must  necessarily  lead,  be- 
3^ond  the  circulatory  system  and  the  particular  nervous  elements 
directly  connected  with  it,  to  alterations  occurring  in  the  higher 
nervous  centers, — the  histological   modifications  of  the  cortex 

^Thomson,  Hill  and  Halliburton,  1899. 

^Hughlings-Jackson:    1863. 

2  For  a  summary  of  experiments  and  observations  upon  insomnia, 
see  Manaceiue,  Chap.  II.  This  law  is  founded  upon  a  wide  factual 
basis. 

*We  leave  the  question  of  cerebral  venous  anaemia  open.  The  ques- 
tion can  have  no  bearing  on  the  ansmia  theories,  for  venous  congestion, 
if  it  occurs,  can  only  be  regarded  as  a  compensation  for  circulatory 
changes,  never  in  the  sense  of  the  older  congestion  theories  as  a  cause 
of  sleep. 
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and  the  deeper  lying  chemical  changes  that  occasion  them. 
The  shutting  down  of  the  circulation  is  only  one  in  a  cycle 
of  events.  It  results  from  a  temporary  derangement  of  the 
nervous  mechanism,  and  in  turn  adds  still  further  to  the 
disintegration.  As  to  the  importance  of  anaemia  as  a  secondary 
factor  in  the  causation  of  sleep  in  man,  it  is  yet  too  early  to 
make  a  just  estimation.  In  this  connection,  it  should  be  remem- 
bered that  the  absolute  quantity  of  blood  in  the  brain  and  cord 
is  unquestionably  small:  to  judge  from  observations  upon  ani- 
mals, it  is  not  more  than  one-tenth  of  the  entire  blood  in  the 
body.^  Such  a  statement,  however,  needs  to  be  qualified  by 
the  consideration  that  it  is  only  the  cell-bodies  which  are  well 
supplied  with  blood.  We  have  also  seen  that  the  nerve  cells 
are,  in  a  certain  measure,  independent  of  the  circulation. 
"Whether  or  not  vasomotor  changes  are  an  essential  factor  is 
a  question  to  be  left  to  comparative  physiology. 

II.     The  Chemical  Theories. 

The  vasomotor  theories,  with  which  we  have  been  dealing  in 
the  preceding  paragraphs,  were  developed  chiefly  by  English 
physiologists.  Shortly  after  the  important  experiments  of 
Durham  and  Hammond,  researches  in  physiological  chemistry 
reached  a  stage  in  development  sufficient  to  serve  as  a  basis  for  a 
new  line  of  sleep  theories.  The  principal  exponents  of  these 
chemical  theories  are  to  be  found  among  French  and  German 
writers.  Naturally,  their  period  of  greatest  influence  did  not 
come  until  after  that  of  the  anaemia  theories.  Largely  as  a  matter 
of  convenience  in  treatment,  although  not  without  some  scien- 
tific justification,  we  shall  divide  the  chemical  theories  into 
two  groups  :  (i)  the  combustion  theories  ;  (2)  the  auto-intox- 
ication theories. 

(i).     The  Combustion  Theories. 

The  common  trait  of  the  theories,  which  we  shall  treat 
under  this  rubric,  is  that  they  are  all  theories  in  terms  of  oxy- 
gen or  carbonic  acid  gas.  The  most  typical  gives  the  name  to 
the  group.     Historically,  they  belong  to  the  earlier  period. 

In  1867,  Pettenkoffer  and  Voit  performed  the  classical  ex- 
periments which  resulted  in  the  gaining  of  a  new  point  of 
departure.  These  investigators  found  that  the  amount  of  oxy- 
gen absorbed  during  the  night  was  greater  than  during  the 
day,  while  the  amount  of  carbonic  acid  gas  eliminated  was 
considerably  less.^     Sommer,  following  a  year  later  and  inter- 

^Donaldson  :  Am.  Text  Bk.,  p.  736. 

2  Serious  doubts  are  thrown  upon  the  validity  of  the  results  of  Pet- 
tenkoffer and  Voit,  for  their  tables  show  not  only  that  the  absorption 
of  oxygen  during  sleep  is  greater  than  the  elimination  of  carbonic 
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preting  these  results,  attempts  to  show  that  sleep  results  from 
the  exhaustion  of  reserve  oxygen,  which  has  been  stored  up 
in  the  cells  and  blood  during  the  night  for  the  activities  of  the 
day. 

Pfiiiger  (1875)  elaborates  the  theory  still  further,  and  lays 
the  greatest  stress  upon  a  gaseous  exchange.^  The  stored  up 
intramolecular  oxygen  is  replaced  by  carbonic  acid  gas.  When 
the  replacement  is  complete,  all  the  activity  ceases.  The  intra- 
molecular conditions  which  accompany  the  formation  of  car- 
bonic acid  gas  are  such  that  the  atoms  of  its  molecules  at  the 
moment  of  its  production  are  in  a  state  of  most  violent  oscilla- 
tion, just  as  in  explosion.  These  explosions,  which  are 
constantly  taking  place  throughout  life,  excite  vibrations  in  the 
surrounding  atoms,  and  radiate  far  and  wide  along  the  lines  of 
connection  of  the  nervous  system  and  its  annexes,  causing  the 
explosion  of  other  cells.  The  molecular  changes  are  attended 
by  a  consumption  of  oxygen  greater  than  living  molecules 
can  take  up  at  the  same  time.  Hence,  the  amount  of  carbonic 
acid  gas  produced  must  necessarily  diminish.  Now  the  cortex 
is  probably  the  seat  of  more  active  chemical  processes  than 
any  other  portion  of  the  body,  and  therefore  requires  a  large 
oxygen  supply.  As  the  production  of  carbonic  acid  gas 
diminishes,  the  explosions  become  less  numerous  and  the 
condition  of  relative  cerebral  inactivity — sleep — results.  The 
analogy  of  the  vibrations  of  the  strings  of  the  harp,  which 
continue  vibrating  for  a  long  period  after  the  blow  which  set 
them  in  motion,  gives  us  a  clue  for  the  explanation  of  the  long 
duration  of  sleep  after  the  reabsorption  of  oxygen  in  the  brain 
has  commenced.  The  loss  of  irritability  during  sleep  is  due  to 
the  exhausted  condition  of  the  nerves  and  the  greater  cohesion 
of  cerebral  molecules,  caused  b)^  diminution  of  the  total  heat 
produced  by  chemical  processes  in  the  brain.  Sleep  or  waking 
depends  primarily  not  upon  the  amount  of  potential  energy  in 
the  brain,  but  on  the  amount  of  vis  viva  of  the  intramolec- 
ular movements. 

The  theory  of  Pfiiiger  is  by  far  the  most  completely  developed 
of  all  this  group.  Various  other  writers  have  emphasized  the 
part  played  by  carbonic  acid  gas  in  the  causation  of  sleep,  some 
attributing  to  it  a  positive  sedative  effect;^  but  the  importance 

acid  gas,  but  that  it  is  greater  than  the  absorption  of  oxygen  during 
the  waking  period.  The  safest  view  is  that  during  sleep  as  during 
hibernation  there  is  a  diminution  in  both  the  production  of  carbonic 
acid  gas  and  the  absorption  of  oxygen,  but  that  the  diminution  in  the 
production  of  carbonic  acid  gas  is  relatively  greater.  See  Saint-Mar- 
tin, Vol.  CV,  pp.  1124  ff.  Experiments  of  Quinquand  and  Zunts.  Am. 
TextBk.,  p.  546.     Manacdi'ne,  pp.  8,  171. 

1 1  abstract  freely  from  Lancet. 

2 See  Liv.  Age,  Vol.  XCVIII,  1868,  pp.  213  ff;  Wurtz. 
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of  carbonic  acid  gas  as  a  positive  factor  has  been  left  in  the  back- 
ground b}'  the  line  of  development  which  the  auto-intoxication 
theories  have  taken. 

There  is  abundant  evidence  to  prove  the  presence  of  a  reserve 
supply  of  oxygen  in  the  cells.  An  amoeba  continues  movement 
in  an  atmosphere  of  hydrogen  for  twenty-four  minutes;  an 
excised  muscle  remains  irritable  for  even  a  longer  period.^  In 
both  cases  after  complete  exhaustion  oxygen  is  necessary  to 
restore  vitality. 

The  question  of  whether  or  not  the  cortex  is  the  seat  of  very 
active  combustion  cannot,  at  present,  be  said  to  be  definitely 
settled.  Results  from  Mosso's"  temperature  experiments  and 
Hill  and  Nabarro's*  experiments  on  gaseous  exchange  in  mus- 
cles and  brain  are  contradictor}'.  Pfliiger  is,  without  doubt, 
right  in  attributing  to  the  cells  of  the  nervous  system  the  great- 
est sensitivity  to  the  lack  of  oxygen.  This  would  explain  the 
quick  and  violent  death  of  the  higher  vertebrates  from  asphyxia, 
in  comparison  with  the  slower  death  of  lower  organisms,  since 
in  them  the  ner\'ous  system  has  gained  a  more  complete  control 
of  the  respirator}-  and  cardiac  muscles.  The  other  cells,  in  par- 
ticular the  ciliary  cells,  continue  to  function  long  after  the  nerve 
cells  have  ceased.*  Speck  (1892)  has  performed  an  important  ex- 
periment, directly  to  the  point.  He  inhaled  air  from  a  vessel, 
counting  at  the  same  time.  The  air  lost  its  ox5'gen.  When  the 
oxygen  of  the  inhaled  air  fell  to  eight  per  cent,  of  an  atmosphere 
in  pressure,  the  counting  stopped  and  unconsciousness  resulted, 
although  the  other  functions  of  the  body  showed  no  alteration. 
Recent  investigations  have  brought  out  fundamental  facts  con- 
cerning tissue  oxidation,  and  have  exhibited  at  once  the  great 
complexity  of  the  chemical  processes  occurring  in  the  cell  and 
our  immense  ignorance  of  them.  "The  amount  of  oxidation 
is  not  increased  in  an  atmosphere  of  pure  oxygen  nor  within 
wide  limits  is  it  aflfected  by  variations  in  atmo.spheric  pres- 
sure. "^  A  certain  amount  only  of  oxygen  is  needed,  and  this 
amount  is  determined  by  the  amount  of  metabolism,  not  the 
reverse  as  was  formerly  supposed.®  As  to  the  cause  of  cell 
decomposition,  we  have  evidence  that  certain  bacteria,  chiefly 
in  the  intestinal  tract,  cause  putrefaction,  but  as  to  the  main 
cause  we  can  only  say  that  it  is  internal,  in  the  cell  itself,  and 
resembles  fermentation.   The  function  of  oxygen  appears,  then, 

^Verworn:  p.  263. 

^Mosso,  1894,  finds  the  temperature  of  the  brain  frequently  higher 
than  that  of  the  aortic  blood. 

^Hill:  1896,  pp.  152  ff. ;  Hill  and  Nabarro,  1895,  find  combustion  of 
muscles  very  much  greater  than  of  brain. 

*Verworn:    loc.  cit. 

^Lusk:  Am.  Text  Bk.,  p.  945. 

®See  Loeb,  1899,  p.  165. 
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to  be  simply  the  oxidation  of  injurious  decomposition  products. 
With  our  present  meager  knowledge  it  would  be  hazardous  to 
attempt  any  definite  statement  in  regard  to  the  correlation  of 
mental  activity  with  the  amount  of  oxidation  in  the  cortex, 
and  entirely  unwarranted  to  attribute  sleep  to  such  a  simple 
factor  as  the  lack  of  oxygen  (Sommer)^  or  decrease  in  gaseous 
exchange  (Pfiiiger).  However  Pfliiger's  conception  of  sleep 
or  waking  as  dependent  upon  the  vis  viva  of  chemical  pro- 
cesses, provided  vis  viva  is  interpreted  to  mean  both  a  cer- 
tain intensity  and  extensity  of  cortical  activity,  is  a  profitable 
one. 

(2).     The  Auto-Intoxication  Theories. 

The  common  starting  point  of  auto-intoxication  theories  is 
the  influence  of  certain  products  of  decomposition  of  living 
substance  upon  the  continuance  of  cell  activity.  These  pro- 
ducts act  not  merely  catalytically,  but,  as  the  name  auto-intoxi- 
cation implies,  have  a  decided  and  positive  efiect  upon  meta- 
bolism. 

Obersteiner  (1872)  was  the  first  important  advocate  of  the 
theory  that  the  cause  of  sleep  is  to  be  found  in  the  accumula- 
tion of  acid  products  in  the  brain.  Previously,  the  acidity  of 
the  cortex  in  fatigue  and  sleep  had  been  noted.  Obersteiner 
laid  especial  emphasis  upon  lactic  acid.  The  condition  of  the 
circulation,  although  secondary,  he  admitted  to  be  of  great  im- 
portance, since  upon  it  depended  the  removal  of  the  fatigue 
products. 

Preyer  (1877),  through  the  w^eight  of  his  name,  gave  wider 
currency  to  the  theory."  He  first  distinguishes  sleep  from 
allied  pathological  states  by  the  fact  that  normal  sleep  is  always 
preceded  by  some  fatigue  of  muscle,  sense  organ,  or  brain.  The 
condition  of  mental  activity  is  a  certain  amount  of  oxygen. 
"  Now  as  the  brain  of  a  sleeping  animal  receives  as  much  blood 
as  it  does  when  the  animal  is  awake,  we  are  compelled  to  infer 
that  the  influence  of  oxygen  on  the  waking  and  sleeping  brain  is 
difierent. "  This  must  be  due  to  the  accumulation  in  the  blood 
of  such  fatigue  products  as  lactic  acid  and  creatine.  A  reduc- 
tion of  the  amount  of  oxygen  available  for  cell  activity  results 
from  the  great  affinity  of  these  substances  for  oxygen.  We 
have,  then,  three  well  defined  and  causally  connected  stages: 
(i)  fatigue  due  to  the  accumulation  of  certain  decomposition 
products;  (2)  sleep,  an  intermediate  state;  (3)  awakening,  re- 
sulting from  the  complete  oxidation  of  the  fatiguing  substances. 

^  Foster  has  pointed  out  that  on  the  exhaustion  theory  it  is  necessary 
to  explain  why  the  respiratory  centers  are  not  stimulated  to  greater 
activity,  as  a  compensation,  by  anaemia.    Foster,  1891,  Part  IV,  p.  415. 

2 See  Preyer,  Med.  Examiner,  1877. 
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The  auto-intoxication  theory  cannot  be  held  in  the  form  stated 
by  Preyer,  for  it  rests  upon  two  assumptions:  (i)  that  the 
presence  of  oxygen  is  the  essential  condition  of  mental  activity, 
and  (2)  that  the  circulation  remains  unaltered  during  sleep. 

Rachel  (1883)  oflfers  a  theory  in  many  respects  more  com- 
pletely worked  out  in  detail  than  Preyer's,  and  somewhat  less 
objectionable.  He  uses  facts  from  experiments  on  muscle  fa- 
tigue to  show  that  activity  may  cease  from  the  action  of  fatiguing 
substances,  notwithstanding  the  presence  of  material  available 
for  metabolism.  From  the  partial  independence  of  the  cell 
from  the  blood  supply,  he  contends  that  the  purifying  function 
of  the  blood  is  of  more  importance  than  its  oxygen-bearing 
function.  Sleep  results  from  the  fact  that  the  capacity  of  the 
blood  supply  for  elimination  of  fatigue  products  is  limited.  The 
direct  cause  is  a  surplus  of  such  products,  accumulated  from 
all  portions  of  the  body.  Secondary  factors  are  found  in  a 
diminution  in  amount  of  intramolecular  ox^^gen  and  in  a  de- 
crease of  intravascular  pressure,  not  necessarily  followed  by  a  pro- 
nounced ansemia  in  the  capillaries.  Rachel  differs  from  Preyer 
in  holding  that  the  fatiguing  substances  are  already  oxidized, 
and  does  not  attempt  to  trace  just  how  they  affect  cell  metabolism. 

The  more  recent  auto-intoxication  theories  show  clearly  the 
influence  of  the  development  of  the  science  of  bacteriology 
and  the  investigations  made  upon  animal  poisons.  The  epoch 
making  work  of  Selmi  on  cadaveric  poisons  did  not  appear  until 
1870.  He  gave  the  name  of  ptomaines  to  the  transition  pro- 
ducts in  putrefaction.  They  are  basic  in  character,  and  are 
formed  by  the  action  of  bacteria  upon  organic  matter.  Brieger 
restricts  the  term  ptomaine  to  the  non-poisonous  basic  products, 
while  he  called  the  poisonous  products  toxins.^  In  distinction 
to  the  ptomaines  are  the  leucomaines,  also  basic  in  character, 
but  the  results  of  cell  decomposition,  without  the  action  of 
bacteria. 

It  is  the  fatiguing  and  narcotic  action  of  many  of  these  leuco- 
maines that  serves  as  the  point  of  departure  for  the  sleep  theory 
of  Errera.  These  substances  are  formed  more  rapidly  than  they 
can  be  oxidized,  and  being  carried  along  by  the  blood  stream, 
are  retained  by  the  cerebral  centers  in  sufficient  quantity  to  pro- 
duce sleep.  During  sleep  the  leucomaines  are  oxidized,  and 
the  oxidation  products,  having  no  special  aflBnity  for  the  cor- 
tical cells,  are  carried  away  by  the  blood.  Hence,  for  Errera 
as  for  Prej'er,  sleep  is  onlj'  one  stage  in  a  more  or  less  rhythmic 
cycle.  Insomnia  due  to  excessive  fatigue  is  produced  b)-  the 
differing  effect  of  the  larger  quantity  of  toxic  substance. 

Berger  and  Loewy  (1899)  have  lately  argued  to  the  same  effect. 

^Brieger:  Ueber  Ptomaine,  Berlin,  1885-86. 
JOURNAI, — 2 
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The}',  however,  have  seen  the  necessity  of  completing  the 
chemical  explanation  by  a  histological  one,  and  have  refused 
to  limit  the  action  of  the  narcotic  substances  to  any  one  portion 
of  the  nervous  system. 

We  are  now  ready  to  discuss  in  detail  the  more  important 
evidence  upon  which  the  auto- intoxication  theories  rest. 

Preyer  made  many  attempts  to  produce  fatigue  by  the  injection  of 
lactic  acid,  with  very  variable  results.^  Ranke  was  more  successful  in 
the  use  of  a  solution  of  beef  broth  with  a  greater  variety  of  fatiguing 
substances.^  Mosso,  by  the  injection  of  the  blood  of  a  fatigued  dog 
into  the  circulation  of  an  active  one,  was  able  to  induce  complete 
symptoms  of  fatigue.^  Mental  derangement  and  cases  of  mental  dis- 
orders during  infectious  diseases  show  a  close  correspondence  between 
the  psychological  state  and  the  presence  of  poisonous  and  convulsive 
substances  in  the  body.*  Perhaps,  the  most  important  evidence  of  all 
comes  from  the  experiments  on  the  toxicity  of  the  urine,  first  ex- 
haustively studied  by  Bouchard.  Bouchard's  experiments  were  per- 
formed by  collecting  the  urine  of  three  different  periods  of  the  day 
(7.15  A.  M.-3.15  p.  M.;  3.15-11.15  p.  M.;  II. 15  p.  M.-7.15  A.  M.).5  After 
neutralizing  and  filtering,  the  fluid  was  injected  into  the  veins  of  the 
animal.  He  found  that,  although  the  urines  of  sleep  were  more  rich 
in  solid  matter,  in  equal  volumes  they  were  almost  alwaj'S  less  toxic 
than  the  urines  of  the  day.^  The  difference  between  the  two  urines 
is  further  brought  out  by  the  fact  that  the  one  is  antagonistic  to  the 
other.  The  total  uritoxy  of  a  mixture  of  equal  quantities  of  both 
urines  is  less  than  the  sum  of  their  uritoxies."  By  the  help  of  char- 
coal acting  on  the  urine  so  as  to  separate  its  constituents,  seven  dis- 
tinct toxic  principles  were  found:*  (i)  a  diuretic  substance — urea; 
(2)  a  saleogenous  substance;  (3)  one  that  contracts  the  pupils;  (4) 
one  that  lowers  the  temperature;  (5)  an  organic  convulsive  substance; 
(6)  a  mineral  convulsive  substance — potassium;  (7)  a  narcotic  sub- 
stance. This  narcotic  substance  was  fixed,  organic,  not  fixed  by  car- 
bon, soluble  in  alcohol,  and  found  in  alcoholic  extract  with  urea  and 
other  substances.  This  substance  has  not  yet  been  chemically  ana- 
lyzed, and  hence  it  is  named  only  from  its  physiological  effect.  In 
sleep,  the  urines  are  always  markedly  convulsive,  while  those  of  the 
day  period  are  very  little  or  not  at  all  convulsive,  but  produce  narcosis. 
In  a  passing  remark  concerning  the  auto-intoxication  of  sleep,  Bou- 
chard suggests  that  sleep  may  be  due  to  the  accumulation  of  these 
narcotic  substances,  while  awakening  is  due  to  that  of  the  convulsive 
substances.'*  Experiment  upon  repose  after  great  muscular  exertion 
in  the  open  air  shows  a  diminution  in  toxicity  by  nearly  one-third, 
both  during  the  period  of  exerci.se  and  that  of  rest.  Bouchard  con- 
cludes that  the  low  toxicity  is  the  result  of  the  more  complete  oxida- 

^  Preyer:  op.  cit. 

2  Ranke:  Archiv.  f.  Anat.  u.  Physiol.,  1863,  p.  422;   1864,  pp.  320  £f. 

*See  Donaldson,  Am.  Text  Bk.,  p.  740. 

*  See  Oliver,  in  Introduction  to  Bouchard. 
^Bouchard:  pp.  36  ff. 

''The  ratio  of  7:5:3  held  for  the  different  periods. 

'The  uritoxy  is  the  unit  of  measurement,  first  employed  by  Bou- 
chard. It  is  the  toxic  amount  necessary  to  kill  a  kg.  of  living  sub- 
stance. ^ 

*  Bouchard:  p.  262, 
^Bouchard:  p.  41. 
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tion  of  organic  substances  during  muscular  activity.  This  might  be 
used  to  explain  the  disturbance  of  sleep,  following  excessive  fatigue, 
since  the  organic  narcotic  substances  would  be  decreased  through  oxi- 
dation, while  the  mineral  convulsive  substances  would  not  be  affected. 
Investigations  upon  the  toxicity  of  the  blood  have  even  a  more  direct 
bearing  on  sleep  problems  than  those  upon  urine.  Bouchard's  estimate 
from  his  own  experiments  is  that  one  kilogram  of  blood  can  kill 
between  1,250-3,000  grams  of  living  tissue.^  This,  he  admits,  is  per- 
haps too  high  an  estimate.  However,  death  in  an  animal  results  from 
increase  in  the  amount  of  poison  in  the  blood  to  two  and  one-half 
times  its  normal  quantity. 

We  have  already  pointed  out  the  danger  of  interpreting  a 
physiological  by  reference  to  a  pathological  condition.  Argu- 
ments from  the  effects  of  drugs  and  narcotics  are  precarious,  so 
also  arguments  from  Bouchard's  experiments,  for,  in  all,  urine 
was  injected  until  death  of  the  animal  followed.  The  mental 
state  produced  prior  to  death  was  that  of  stupor,  not  sleep. 
Yet,  inasmuch  as  toxic  substances  are  shown  to  result  from  func- 
tional activity,  there  is  a  strong  probability  that  under  normal 
bodily  conditions  their  accumulation  pla5's  a  part  in  the  causa- 
tion of  sleep.  They  may  act  physically,  e.  g.,  by  mere  clogging, 
as  well  as  chemically.^  To  assume  that  auto-intoxication  is  the 
sole  cause  of  sleep,  or  to  attribute  the  narcotic  effect  to  any  one 
group  of  decomposition  products,  is  to  dogmatize.  "  We  really 
know  only  that  living  substance  is  continually  undergoing 
decomposition,  for  this  is  apparent  from  the  output  of  decom- 
position products.  But  as  to  the  path  from  the  complex  proteid 
compounds  to  the  end  products,  as  to  the  special  chemical  trans- 
formations that  take  place,  our  knowledge  is  very  incomplete, 
since,  as  yet,  the  composition  of  proteids  is  knowm  very 
slightly."'  On  the  auto-intoxication  theory,  notwithstanding 
Errera's  attempt,  it  is  extremely  difficult  to  explain  the  long 
duration  of  sleep.*  An  insufficient  supply  of  nutrition,  in  the 
end,  leads  to  the  same  results  as  an  accumulation  of  decompo- 
sition products.  In  all  normal  fatigue  curves  the  loss  of  power 
is  at  first  rapid  and  then  slow.^  These  facts  suggest  that  at  the 
beginning  of  sleep  the  more  active  factor  is  an  auto-intoxication 
and  that, when  the  oxidation  process  of  the  fatiguing  substances 
is  completed,  the  intensity  of  sleep  sinks  and  remains  for  so  long 
a  period  at  low  level,  in  order  to  allow  the  cells  to  recover  from 
the  effects  of  exhaustion  of  the  day  and  to  lay  in  a  store  of  new 
materials.  Thus,  exhaustion  as  well  as  an  accumulation  of  fatigue 
products  would  precede  sleep.  Both  would  be  causally  con- 
nected with  its  onset.     The  exact  relation  between  the  two,  of 

^Bouchard:  pp.  69  ff. 
^Loeb:  p.  165,  1899. 
^Verworn:  p.  161. 
^C/.  Howell,  p.  338. 
^Donaldson:  1897,  p.  312;  p.  322. 
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course,  needs  working  out,  but  there  is  no  valid  reason  for  sin- 
gling out,  as  the  auto-intoxication  theories  do,  only  one  of  the 
two  factors  that  produce  fatigue,  to  the  exclusion  of  the  other. 
Concerning  the  relative  importance  to  sleep  (in  man)  of  the 
decomposition  products  accumulating  in  the  nervous  tissue  from 
inadequate  removal  and  those  that  are  imbibed  from  the  blood 
stream  we  are  also  in  the  dark.  There  is  no  way  at  present  of 
determining.  The  direct  accumulation  of  waste  products,  check- 
ing the  activity  of  the  cells  that  produce  them,  is  the  more 
fundamental  of  the  two,  since  it  occurs  in  the  absence  of  blood 
circulation. 

The  chief  criticism  of  all  the  various  chemical  theories  con- 
sidered we  have  found  to  be  a  lack  of  adequate  experimental 
basis.  What  are  we  to  say  of  the  possibility  of  a  chemical  expla- 
nation of  sleep  ?  It  is  the  aim  of  physiology  to  bring  vital  phe- 
nomena under  the  same  physical  and  chemical  laws  that  have 
been  established  in  the  inorganic  world. -^  Although  physio- 
logical chemistry  is  tremendously  hampered  at  the  outset  by  the 
fact  that  an  analysis  of  living  tissue  is  impossible,  there  is  no 
sufficient  reason  for  thus  earlj'  giving  up  in  despair  or  return- 
ing to  vitalism.  Progress  must  necessaril)^  be  slow  and  labored. 
We  have  unequivocal  evidence  to  show  that  the  chemical  com- 
position of  the  fatigued  nerve  cell,'  whether  the  fatigue  be  pro- 
duced by  artificial  stimulation  or  as  the  natural  result  of  a  period 
of  activity,  is  different  from  that  of  the  rested  cell.  If  the  ulti- 
mate explanation  of  the  phenomenon  of  sleep  is  to  be  found  any- 
where, it  must  be  sought  in  the  chemical  composition  and  the 
chemical  changes  occurring  in  the  nerve- cell.  The  work  so  far 
done  gives  us  hope  that,  if  not  a  complete  explanation,  at  any 
rate  a  more  complete  than  any  yet  given  may  be  forthcoming. 
In  the  meantime  it  is  the  part  of  wisdom  to  avoid  any  too  hasty 
or  too  ambitious  theorizing  that  will  tend  to  limit  the  scope  of 
investigation. 

One  objection  that  has  frequently  been  urged  against  the 
chemical  theories  so  far  has  never  been  satisfactorily  answered. 
Monotonous  repetition  of  a  stimulus  or  reduction  in  the  number 
of  adequate  stimuli  ma}^  produce  sleep  without  the  presence  of 
fatigue.  We  shall  reserve  a  consideration  of  this  objection  until 
we  come  to  treat  of  sleep  from  the  evolutionary  standpoint. 
From  any  other  point  of  view  a  full  answer  is  impossible. 

III.     The  Histological  Theories. 

The  great  improvement  in  microscopical  apparatus  and  tech- 
nique, together  with  the  discovery  of  new  histological  methods, 

1  Cf.  Verworn.  Chap.  I. 
2 See  Chap.  III. 
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within  the  last  decade  has  opened  up  a  new  and  attractive  field 
to  science.  The  outlines  of  the  nerve-cell  and  its  processes, 
brought  out  with  clearness,  show  the  neurocyte  ^  to  be  a  struc- 
tural unit.  With  the  recognition  of  the  morphological  inde- 
pendence of  the  nervous  elements,  one  of  the  main  problems 
for  the  nerve  histologist  is  to  account  for  physiological  inter- 
dependence. Hence,  many  painstaking  investigations  have 
been  made  upon  the  difference  in  condition  of  the  neurocyte 
during  functional  activity  and  during  repose.  These  investi- 
gations have  a  direct  l)earing  upon  the  problem  of  sleep,  and 
have  resulted  in  the  formulation  of  numerous  sleep  theories. 

The  first  of  these  theories  to  deserve  attention  is  that  of  Rabl 
Riickardt  (1890).  The  conception  that  underlies  his  theory  is 
that  the  neurocytes  possess  a  kind  of  amoeboid  movement, 
which  allows  them  to  make  or  break  contact  by  means  of  a  re- 
traction or  expansion  of  the  prolongations  of  their  neuro-den- 
drons.  Sleep  and  hypnosis  are  the  psychological  correlates  of 
a  partial  paralysis  of  these  amoeboid  prolongations,  resulting 
in  an  isolation  of  nervous  elements.  Lepine  (1894),  i"  attempt- 
ing an  explanation  of  anaesthesia  and  motor  paralysis  in  hys- 
teria, is  led  to  a  somewhat  similar  theory  of  sleep.  He  con- 
fines the  amoeboid  movement  to  the  extremities  of  the  neuro- 
dendrons. Querton  may  also  be  quoted  in  support.  Duval's 
theory  (1895)  is  bj^  far  the  most  widely  known  and  elaborated 
of  any  of  these  theories.  Wiedersheim's  alleged  direct  observa- 
tions of  amoeboid  movement  in  the  neurocytes  of  the  superior 
ganglion  of  Leptodera  hyalina  have  largely  influenced  him 
towards  amoeboidism.  He  does  not  regard  actual  contact  as 
essential  for  transmis.sion  of  nervous  impulse,  but  only  a  cer- 
tain degree  of  contiguity.  During  sleep,  this  degree  of  conti- 
guity is  lost  by  a  retraction  of  the  ramifications  of  the  cell- 
processes.  He  explains  the  functional  activity  of  the  lower 
centers  during  sleep,  by  the  fact  that  currents  of  contact  are 
set  up  among  the  amoeboid  prolongations  by  chemical  processes 
started  by  decomposition  products  (chemiotropism).  Chemio- 
tropism  is  not  intense  enough  to  allow  the  impulse  to  reach  the 
cortex.  When  the  necessary  degree  of  chemiotropism  is  reached 
and  the  currents  of  contact  have  become  sufficiently  extensive, 
awakening  results."'^ 

There  remain  but  two  other  histological  theories  to  be  con- 
sidered. Since  they  are  both  largely  the  result  of  negative  crit- 
icism, it  might  be  well  here  to  attempt  a  brief  summary  of  the 
most  important  facts  discovered  concerning  the  neurocyte  in 
functional  activity,  quiescence,  and  fatigue. 

^Terminology  of  Fish. 

2Pupiu  (1896)  strongly  defends  Duval. 
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1.  As  to  cell-body. 

Flesch  (1884)  noted  the  difference  in  the  reaction  of  cells  to  staining 
reagents  after  activity,  and  distinguished  cells  on  this  basis  as  chromo- 
phile  and  chromophobe.  Vas  (1892)  experimented  upon  the  cervical 
ganglion,  and  confirms  Flesch.  Vas  found  that  the  immediate  result 
of  activity  was  a  swelling  of  the  cell.  Mann  (1894)  extended  the  obser- 
vations to  motor  cells  of  the  cord  and  sensory  cells  of  the  retina  of  the 
dog.  He  concludes  that  during  rest  there  is  a  storing  of  several 
chromatic  substances,  which  are  used  up  in  activity.  In  the  cells  ob- 
served there  was  in  normal  activit)'  an  increase  in  the  size  of  cell,  nuclei 
and  nucleoli.  Fatigue  was  characterized  by  a  shrinking  of  the  nucleus 
and  probably  of  the  cell  and  by  the  formation  of  a  different  chromatic 
substance.  Lugaro  (1895)  in  the  main  confirms  Mann.  The  decrease 
in  volume  has  been  put  beyond  doubt  by  the  thoroughgoing  investi- 
gations of  Hodge  (1892-94).  He  found  the  most  clearly  marked  differ- 
ences in  the  nuclei,  the  decrease  depending  upon  the  length  of  time 
of  stimulation.  The  outlines  of  the  cell  and  nucleus  became  irregular, 
and  vacuolation  was  present.  Hodge  also  demonstrated  the  presence 
of  fatigued  cells  in  various  animals  after  a  day  of  normal  activity. 
Further  experiments  made  by  the  same  investigator  upon  the  effects 
of  old  age  showed  likewise  a  decrease  in  the  volume  of  the  cells  and 
nuclei  and  an  increase  in  pigmentation. ^  Heger  (1899)  found  a  shrink- 
ing of  cell-body  in  ether,  chloroform,  and  morphine  narcosis. 

2.  As  to  cell  processes  and  appendages  (gemmulae). 

Heger  has  shown  that  in  animals  decapitated  in  the  waking  state, 
under  normal  conditions,  the  neurocyte  possesses  numerous  dendrites 
of  uniform  calibre  throughout  their  whole  length,  provided  with  many 
gemniulse.  The  appearance  differs  somewhat  from  one  species  to 
another,  but  remains  the  same  in  animals  of  the  same  species.  Under  the 
action  of  chloroform,  morphine,  alcohol,  and  prolonged  electric  stim- 
ulation, Demoor  (1899)  noted  the  loss  of  gemniulse  and  the  formation 
of  moniliform  varicosities,  which  disappeared  on  return  to  normal  state. 
Experiments  of  Stefanowska,  Querton  and  Heger,  confirm  the  obser- 
vation. The  results  of  Lugaro's  experiments  in  the  main  agree. ^  He 
is  convinced  from  his  own  and  Ramon  y  Cajal's  experiments  that  many 
of  the  varicosities  observed  are  attributable  to  defective  technique.  The 
formation  of  these  varicosities  he  regards  as  occurring  independently 
of  the  retraction  of  gemmulse,  and  as  an  indication  of  fatigue.  He 
found  little  alteration  in  the  condition  of  the  trunks  and  larger 
branches.  Berkeley**  has  shown  that  the  gemmulse  are  irregular  and 
absent  in  certain  mental  disorders.  After  numerous  experiments  upon 
normal,  over-excited,  hibernating,  narcotized  animals,  and  animals 
killed  by  cold,  Heger'*  concludes  that  variability  is  an  important  prop- 
erty of  the  neurocyte,  and  that  these  variations  can  occur  in  the  cell- 
body,  the  prolongations,  or  the  gemmulae,  simultaneoush'  or  inde- 
pendently. Hodge ^  has  extended  these  investigations  to  normal 
fatigue,  with  similar  results.  During  the  growth  of  the  brain,  while 
medullation  of  fibres  has  not  taken  place  extensively  in  the  cortex, 
mass  movements  of  cells  to  gain  their  position  in  the  adult  structure 

1  Hodge:  Jour,  of  Physiol.,  1894. 
^Lugaro:  1898. 

'See  also  Obsteiner,  Die  nervosen  Centralorgane,  Leipzig,  1888,  pp. 
112  ff. 
''Heger:  op.  cit. 
^ Hodge:  Amer.  Jour,  of  Physiol.,  II,  No.  3,  p.  13. 
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doubtless  cau  occur.  Notwithstanding  the  seeming  positiveness  of 
these  results,  the  question  as  to  wliether  or  not  any  movement  occurs 
in  the  developed  neurocyte  at  all  comparable  to  the  movements  of  the 
amceba  or  leucocyte  must  be  regarded  as  still  open,  so  long  as  Kolliker 
and  Ramon  y  Cajal  refuse  to  give  their  assent. 

Ramon  y  Cajal's  refusal  to  accept  amoeboidism  is  due  to  his 
belief  in  the  great  mobility  of  the  neuroglia  cells,  in  which  the 
neurocytes  are  bedded  for  support.  This  forms  a  starting  point 
for  a  theory  of  sleep. ^  The  neuroglia  cell  by  an  intervention 
of  its  pseudopodia  between  the  neurocytes,  he  supposes,  can 
block  or  stop  the  passage  of  nervous  impulses,  so  that  various 
degrees  of  nervous  coherence  are  possible.  Experiments  have 
confirmed  the  mobility  of  the  neuroglia  cells. 

Lugaro  (1898),  accepting  the  plasticity  of  the  gemmulae, 
presents  an  entirely  original  theory.  According  to  him,  in 
normal  mental  activity  only  a  few  of  the  possible  connections  be- 
tween neurocytes  can  at  a  given  time  come  into  play.  It  is  neces- 
sary that  the  rest  be  interrupted  by  a  retraction  of  gemmulae  in 
order  to  impede  access  of  other  stimuli,  which  would  be  able 
to  deviate  or  suppress  the  one  that  is  being  elaborated  in  the 
cell.  Strong  stimuli  or  those  of  immediate  importance  to  the 
well-being  of  the  organism  can,  of  course,  break  through. 
With  the  exhaustion  of  the  contractility  of  the  gemmulae  due  to 
fatigue  (auto-intoxication  in  particular),  greater  torpor  of  their 
movements  results.  Consequently,  contacts  are  multiplied  until 
the  nervous  impulses  become  more  and  more  diffused  through- 
out the  cortex  and  individual  processes  are  lost  in  the  maze. 
The  same  condition  can  be  reached  through  a  lack  of  stimuli. 
Lugaro  repeatedly  appeals  to  psychology  to  support  his  theory, 
particularly  to  the  phenomenon  of  attention.  Wundt's^  is  bj^ 
far  the  most  satisfactory  psychophysical  theory  of  attention. 
It  possesses  innumerable  advantages  over  Lugaro' s.  As  an 
explanation  of  the  cortical  state  during  sleep  and  dreams,  Lu- 
garo's  theory  is  seen  at  its  best.  But  dreams  are  only  one 
among  many  abnormal,  or  better  non-normal  mental  states, 
which  are  characterized  by  a  disaggregation  of  the  normal  con- 
sciousness into  smaller  and  more  elementary  groups.*  Dreams 
give  the  type  of  the  greatest  dissociation.  If  psychological  facts 
are  to  be  urged  in  behalf  of  histological  theories,  their  weight 
would  seem  to  be  in  favor  of  that  of  Duval  or  Ramon  y  Cajal. 
A  compromise  between  Duval's  and  Lugaro's  theory  is  not, 
however,  an  impossibility. 

It  is  hardly  within  the  province  of  a  la3'man  to  attempt  de- 

^  Ramon  y  Cajal:  1895. 

2Wundt:   1887,  Bd.  I,   pp.  282  ff ;  G.  E-  Miiller's  theory  is  also  well 
known,  Zur  Theorie  der  sinulichen  Aufmerksamkeit,  1873. 
2  Cf.  Janet,  Iv'Automatisme  psychologique,  1894,  pp.  484  ff. 
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tailed  criticism  of  histological  theories.  From  a  glance  at  those 
presented,  it  will  be  seen  that  three  lines  of  attack,  and  the  only- 
three  lines  possible,  have  been  taken:  (i)  a  dissociation  of  nervous 
elements,  caused  by  an  amoeboid  movement  of  the  attachments  of 
the  neurocyte;  (2)  a  dissociation  of  nervous  elements,  caused 
by  an  interposition  of  the  pseudopodia  of  other  cells;  (3)  a 
diffuse  connection  of  nervous  elements  caused  by  torpor  of 
movement  of  the  attachments  of  the  neurocyte.  The  decision 
between  these  three  must  be  left  to  future  investigations  of  the 
histologist.  It  is  no  reflection  on  the  importance  of  such  re- 
search to  admit  that  the  histological  theories  can  onl}'  be  theo- 
ries of  the  changes  occurring  in  the  nervous  mechanism.  The 
causes  of  its  derangement  will  still  have  to  be  sought. 

IV.     The  EV01.UT10NARY  Standpoint. 

In  our  consideration  of  the  various  lines  of  sleep  theories  we 
have  found  that  no  one  of  them  alone  is  adequate  as  a  complete 
explanation.  The  vasomotor,  the  chemical,  the  histological 
theories  are  all  capable  of  being  based  upon  a  wide  range  of 
facts.  Their  several  claims  cannot  be  ignored,  but  must  be 
reconciled.  In  the  immense  complexity  of  the  human  organism, 
the  primarj'  factors  of  sleep  are  so  overlaid  and  obscured  by  secon- 
dary ones  that  it  is  next  to  impossible  to  trace  them  out.  Hence 
the  necessity,  if  profitable  work  is  to  be  done  in  the  future  by 
the  physiologist,  for  a  broader  point  of  view.  The  sleep  problem 
must  be  attacked  genetically.  It  is  true  that  comparative  phys- 
iology is  still  in  its  infancy,  that  at  present  few  facts  are  known 
concerning  sleep  phenomena  except  in  the  higher  vertebrates. 
To  attempt  any  elaborate  theorizing  would  be  useless.  There 
are,  however,  enough  facts  to  point  unequivocally  to  the  con- 
clusion that  sleep  is  the  product  of  evolution,  and  to  indicate 
the  main  lines  which  any  evolutionary  theory  will  have  to  fol- 
low. Three  questions,  which  cannot  be  kept  wholly  separate, 
naturall}^  arise. 

1.  What  is  fundamental  in  the  phenomena  ? 

2.  How  has  selection  operated  upon  sleep?  How  have  the 
secondary  factors  crept  in,  and  what  is  their  relative  impor- 
tance ? 

3.  How  shall  we  define  sleep?  What  are  the  limits  of  the 
problem  ? 

Hodge  and  Aikins  (1895)  have  made  a  careful  study  of  the 
daily  life  of  a  protozoan,  with  special  reference  to  the  rhj'thm 
of  rest  and  activity.  Observations  were  recorded  upon  a  vorti- 
cella,  for  a  period  of  twenty-one  hours,  without  interruption. 
Thirteen  other  experiments  were  afterwards  made.  Automatic 
contractions   of  cilia  were    continuous,    those   of  the   vesic  le 
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nearly  so,  while  contractions  of  the  stalk  were  irregular  and 
occurred  usuall}^  upon  presence  of  stimuli.  The  conclusion  to 
which  the  writers  are  led  is  that  vorticellae  neither  rest  nor  sleep. 
Hodge  assumes  that  the  unicells  possess  a  rudimentary  form  of 
consciousness.  Whether  or  not  the  lower  organisms  do  now  or 
have  once  possessed  consciousness,  which  has  since  dropped  out, 
is  a  disputed  question.  It  would  be  unwise,  before  there  is  a 
more  general  consensus  of  opinion  among  authorities,  to  encum- 
ber a  sleep  theory  at  the  outset  by  definite  commitment  to  any 
theory  of  the  origin  of  consciousness.  These  experiments  with 
the  vorticellse  are  of  great  value,  since  they  sho<v  clearly,  what 
might  be  expected  a  priori,  that  in  a  simple  organism  with  ade- 
quate provision  for  food  supply  and  removal  of  waste  products 
continuous  response  to  stimuli  without  diminution  of  irritability 
is  possible.  There  is  no  reason  to  hold  that  fatigue  is  a  general 
phenomenon  common  to  all  life. 

For  the  sake  of  making  the  problem  of  the  fundamental  in 
sleep  more  definite,  let  us  try  to  picture  what  would  be  the  mental 
state  of  the  simplest  organism  capable  of  serving  as  the  support 
of  consciousness,  and  living  under  conditions  so  favorable  that 
fatigue  could  not  occur.  This  primitive  con.sciousness  we  may, 
without  violence,  suppose  to  be  a  motor  consciousness.  If  we  ex- 
clude the  action  of  hostile  agencies  in  the  environment,  the  only 
occasion  for  the  cessation  of  consciousness  would  be  the  lack  of 
adequate  stimuli.  A  state  of  full  consciousness^  would  exist  in 
the  presence  of  an  adequate  stimulus,  and  on  its  absence  a  men- 
tal blank  or  a  vague  organic  sensation.  At  irregular  intervals 
states  of  consciousness  and  unconsciousness  would  succeed  each 
other.  The  ultimate  reason  for  the  presence  of  the  latter  is  not 
to  be  sought  outside  of  the  organism  in  the  withdrawal  of 
stimuli,  for  stimuli  are  always  present,  but  in  the  internal  con- 
ditions which  render  the  organism  unable  to  receive  or  respond. 
The  chemical  composition  of  the  cells  is  relatively  too  simple, 
the  nervous  elements  too  poorly  organized,  or  the  vascular  sys- 
tem, if  blood  circulation  be  present,  defective.  The  operation 
of  the.se  causes  is  not  confined  to  the  lower  animals.  Striimpell'^ 
reports  a  case  of  general  anaesthesia  in  a  boy  of  sixteen,  who  was 
left  with  the  sensibility  of  only  one  ear  and  one  eye  unimpaired. 
Sleep  could  be  produced  at  any  time  by  the  closure  of  the  eye- 
lid and  the  stoppage  of  the  ear.  Through  an  inherent  limita- 
tion of  capacity,  other  than  that  manifested  in  or  brought  about 
by  fatigue,  the  physiological  processes  underlying  conscious- 
ness may  sink  to  so  low  a  level  of  intensity  and  extensity  that 

1  Idea  or  sensation  given  in  a  state  of  attention  and  felt.  Cf.  Titch- 
ener,  Outline  of  Psychology,  New  York,  1899,  pp.  249  ff. 

'^Striimpell:  Pfluger's  Archiv,  Bd.  XV,  p.  573;  Nature,  Dec.  13,  1877 
(tr.). 
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sleep  results.  This  inherent  limitation  of  capacity  is  to  be  con- 
ceived of  as  due  to  a  state  of  development  inadequate  to  meet 
the  demands  of  continuous  consciousness.  We  shall  include  all 
the  foregoing  causes  as  well  as  those  that  spring  from  degenera- 
tion under  the  rubric  Lack  of  Development. 

The  factor,  Fatigue,  now  demands  our  attention.  Even  with- 
out the  presence  of  consciousness,  the  development  of  the  mul- 
ticellular organism  must  have  continued  to  the  point  where  a 
fatigue  of  nervous  elements  would  occur,  for,  with  increasing 
complexity  of  structure  and  function,  the  utility  of  bringing 
the  cells  and  groups  of  cells  into  more  intimate  relations  with 
each  other,  in  order  to  gain  unified  co-operation  and  advanta- 
geous adaptation  to  environment,  becomes  apparent.  The  per- 
formance of  this  function  calls  for  a  developed  nervous  system. 
The  ascendency  of  nervous  tissue  over  all  other  tissues  is  to  be 
correlated  with  an  increase  in  chemical  complexity  of  the  cell 
and  an  increased  metabolism.  For  its  demand  upon  food  sup- 
ply and  for  removal  of  waste,  the  nerve  cell  is  left  dependent 
upon  the  alimentary  tissues  and  the  circulatory  system.  Fatigue, 
implying  among  other  things  a  diminution  of  irritability,  thus 
inevitably  arises  in  the  course  of  development.  If  such  a  con- 
dition would  be  brought  about  without  the  presence  of  con- 
sciousness, its  onset  is  made  all  the  more  certain  and  rapid  by 
the  possession  of  mentality,  for  consciousness  once  present  has 
a  survival  value  and  adds  greatly  to  the  demands  made  upon 
the  organism.  Were  it  not  for  fatigue,  the  development  of  the 
nervous  system  might  be  carried  to  such  a  point  that  conscious- 
ness could  be  present  continuously.  Fatigue  is  the  one  great 
factor  that  forever  makes  sleep  a  vital  necessity.  Arising  in 
the  course  of  development,  it  ends  by  limiting  the  possibilities 
of  development.  Operating  as  a  cause  it  limits  further  capac- 
ity for  function,  though  it,  itself,  results  from  a  limitation  of 
capacity.  As  such  it  can  be  placed  along  with  the  other  causes 
under  the  rubric  Lack  of  Development.  But  Fatigue  is  a  posi- 
tive, well  defined,  wide  spread  condition  arising  only  after  exer- 
cise of  function.  It  can  be  clearly  distinguished  from  the  other 
conditions  inhering  in  the  organi.sm  that  limit  capacity;  and 
since  the  distinction  is  an  important  one  and  we  have  no  other 
term  to  use,  we  shall  confine  the  term  Lack  of  Development  to 
those  causes  other  thrfn  fatigue. 

Sleep,  then,  results  from  the  limited  capacity  of  the  organism 
to  receive  and  respond  to  stimuli,  either  through  Fatigue  or 
through  Lack  of  Development.  Both  factors  are  internal.  The 
relation  of  each  to  function  can  be  traced  along  chemical,  his- 
tological and  vasomotor  lines.  What  is  their  relative  impor- 
tance in  the  causation  of  sleep?  In  man,  fatigue  by  itself  can 
occasion  sleep,   while  a  reduction  of  external  stimuli  to  the 
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minimum  is  not  sufficient  to  cause  sleep  in  an  individual  of  highly- 
organized  and  well  nourished  brain  without  the  presence  of 
fatigue;  for  central  excitations,  along  with  the  remaining  periph- 
eral,would  maintain  an  adequate  support  for  consciousness.  In 
animals  low  down  in  the  scale,  cessation  of  consciousness  can 
occur  without  the  presence  of  fatigue,  by  the  mere  withdrawal 
of  adequate  .stimuli.  Thus  at  one  extreme  of  the  series  fatigue 
alone  can  cause  sleep,  at  the  other  lack  of  development.  Be- 
tween the  extremes  the  two  factors  do  not  stand  in  relations  of 
reciprocal  importance,  for  in  most  instances  the  more  poorly 
organized  and  developed  the  nervous  system,  the  more  easily  is  it 
fatigued.  This  is  well  illustrated  by  the  ease  with  which  chil- 
dren, savages,  and  the  insane  are  fatigued  by  work  that  requires 
mental  concentration,  and  their  great  need  for  sleep  in  compari- 
son with  the  normal  adult.  On  the  other  hand,  the  short  sleep 
periods  of  great  men  have  often  been  remarked. 

We  are  now  ready  for  our  second  question  as  to  the  operation 
of  selection  upon  sleep  and  the  rise  of  the  secondary  factors. 
In  every  organism  at  all  developed,  we  find  firmly  rooted  habits 
of  activity  and  repose.  These  habits  are  rhythmic,  and,  if  not 
ultimately  caused,  have  been  powerfully  influenced  by  rhyth- 
mic changes  in  environment.  Even  without  the  presence  of 
fatigue,  such  changes  would  have  been  capable  of  establishing 
rhythmic  periods  of  greater  and  lesser  activity;  but,  fatigue 
being  an  inevitable  product  of  evolution,  it  becomes  all  the 
more  imperative  that  rest  periods  be  grouped.  It  is  an  obvious 
economy  to  the  organism  that  the  rest  periods  should  correspond 
to  periods  of  les.sened  adequate  stimuli.  A  very  profitable  field 
is  open  to  the  physiologist  in  tracing  out  this  correlation.  Loeb 
has  already  shown  the  importance  of  light  to  animal  life. 
Heliotropism,^  quite  comparable  to  that  in  plants,  is  observable 
in  the  animal  kingdom.  The  influence  of  light  upon  sleep 
habits^  is  clearly  brought  out  by  the  fact  that  animals  which 
depend  chiefly  upon  smell  and  hearing  are  much  less  regular 
than  those  with  largely  developed  vision,  such  for  instance  as 
birds.  The  former  can  sleep  quite  independently  of  the  time 
of  day,  while  sleep  in  the  latter  corresponds  closely  to  the 
rhythm  of  daylight  and  darkness,  even  varying  with  the  changes 
of  season.  Lack  of  data  compels  us  to  leave  the  most 
fascinating  problem  of  sleep  rhythms  in  this  fragmentary  way. 

With  the  development  of  the  organism  and  the  appearance 
of  new  adaptations,  an  opportunity  for  the  operation  of  new 
internal  factors  is  afforded.  The  most  important  of  these  is 
the  blood  supply.     That  the  circulation  is  not  fundamental  can 

^ Loeb  :   1890. 
^Donaldson:  1897,  p.  297. 
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be  seen  from  the  fact  that  in  insects  and  plants,  devoid  of  a 
vascular  system,  well  defined  periods  of  rest  and  activity  occur.-' 
When  the  organs  of  blood  circulation  appear,  according  to  the 
principle  of  utility  their  development  is  accompanied  by  an  in- 
creased control  of  the  nerve  cells  over  the  supply.  A  complex 
and  nicely  adjusted  vasomotor  mechanism  is  the  result.  The 
rhythm  of  this  system  is  derived  from  the  rh3'thm  of  the  vasomo- 
tor nerve  cells.  Their  rhythm  in  turn  is  not  independent  of, 
but  directly  determined  by,  the  primary  rhythm  in  the  central 
nervous  system,  so  that  while  the  higher  centers  are  made  de- 
pendent upon  the  circulation  for  food  and  removal  of  waste, 
they  are  dependent  upon  it  as  a  master  upon  the  performance 
of  the  work  of  a  servant,  not  as  a  servant  upon  the  bounty  of 
a  master.  The  precise  work  that  the  circulation  performs  in 
bringing  about  the  condition  of  sleep  in  man  is  probably  rightly 
estimated  by  Howell,^  who  urges  that  diminution  of  blood  sup- 
ply can  best  explain  the  sudden  and  comparatively  simultaneous 
onset  of  sleep. 

High  up  in  the  animal  series,  where  consciousness  plays  an 
important  role,  another  factor  enters, — conscious  adaptation  to 
the  conditions  most  favorable  to  sleep.  A  glance  at  the  arrange- 
ments of  modern  sleeping  rooms,  the  preparations  usually  made 
before  retiring,  and  the  bodily  position  assumed  for  the  night's 
repose,  will  show  that  they  have  as  their  objects  the  reduction 
of  external  stimuli  to  a  minimum  and  the  derivation  of  blood 
from  the  head.  Adaptations  originalh-  conscious  may.  of  course, 
become  reflex  and  appear  later  as  inherited  reflexes.^ 

There  remains  but  one  other  factor  to  be  considered.  The 
psychophysical  phenomenon  of  attention  cannot  be  over- 
looked.* The  hypnotist  in  artificially  producing  sleep  resorts  to 
a  sudden  stimulus  or  repetition  of  monotonous  stimulus,  fre- 
quently a  command  or  suggestion,  capable  of -holding  the  atten- 
tion. A  complete  sleep  theor)^  should  seek  to  trace  the  factors 
exhibited  in  the  artificial  state  as  they  occur  in  the  natural 
state,  and  to  show  their  relative  importance  to  sleep  phenomena 
in  general.  Hypnotic  sleep  is  most  easily  explained  physi- 
ologically b}'  inhibition.  Certain  processes  on  their  arousal 
inhibit  other  processes  in  the  cortex,  reducing  them  below  the 
level  of  extensity  required  for  consciousness.  It  is  possible  that 
fatigue,  produced  by  excessive  activity  of  portions  of  the  cortex, 

^Loeb:  1898. 

2  Howell  :   1897. 

^In  this  connection  Goltz'  experiments  are  of  interest.  His  decere- 
brized  dog  "slept"  like  any  normal  dog.  Many  of  the  habitual  posi- 
tions in  sleep  might  well  be  purely  reflex  ;  see  Goltz,  Der  Hund  ohne 
Grosshirn,  Pfliiger's  Archiv,  Bd.  LI,  1892. 

^Cf.  Kiilpe,  Outlines  of  Psychology  (Tr.),  1895,  pp.  452  ff. 
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may  also  contribute  powerfully  to  the  result.  The  influeuce  of 
repetition  of  monotonous  stimuli  upon  sleep  has  often  been  attrib- 
uted wholly  to  fatigue,  but  in  our  judgment  it  more  properly 
falls  under  the  same  general  explanation  as  hypnotic  sleep.  We 
must  deny  to  these  causes  fundamental  importance  to  the  pro- 
duction of  sleep,  for  their  operation  is  accidental  and  witiiout 
universal  significance.  The  nervous  mechanism  is  not  so  poorly 
constructed  that  under  normal  circumstances  it  is  obliged  to  sus- 
pend its  chief  function  from  an  antagonism  of  parts. 

In  a  work  that  is  admirable  for  its  array  of  facts,  Madame 
Manaceine  has  attempted  to  state  a  theory  of  sleep  in  the  brief 
formula:  "Sleep  is  the  resting  period  of  Consciousness."^ 
The  phrase  is  not  intended  as  a  metaphor,  but  is  put  forward 
seriously  as  au  explanation  and  continually  used  as  such. 
There  is  probably  no  field  in  science,  where  the  loose  use  of 
terms  is  more  harmful  than  in  psychophysics.  The  formula 
as  it  stands  is  meaningless  nonsense.  Consciou.sness,  as  such, 
has  no  more  need  for  rest  than  it  has  for  nutrition.  It  is  true 
that  the  sleep  problem  has  a  psychological  as  well  as  a  physio- 
logical side.  Investigations  of  hypnagogic  states  and  of  dreams 
are  to  be  correlated  with  investigations  of  the  condition  of  the 
brain.  Between  the  two  series,  no  causal  relation  can  be  as- 
sumed. But  just  as  the  raison  d" eb^e  of  death  is  to  be  sought  in 
a  breaking  down  of  the  physical  organism,  so  the  raison  d'etre  of 
sleep  is  to  be  sought  in  a  temporary  derangement  of  the  nervous 
system.  Manaceine's  formula,  when  put  into  scientific  language 
and  properly  interpreted,  is  a  profitable  conception.  Sleep  is 
the  resting  period  of  the  support  of  consciousness.  This  dif- 
ferentiates the  phenomenon  of  sleep  from  all  other  rhythms, 
and  gives  the  sleep  problem  a  definite  place  under  the  more 
general  problem  of  rhythms  in  the  nervous  system.  The  term 
sleep  is  then  reserved  for  that  particular  phase  of  the  rhythm 
of  the  cortical  or  nerve  cells  which  has  as  its  psychological  ac- 
companiment a  cessation  of  consciousness.  It  is  well  that  such 
a  differentiation  should  be  sharply  made.  The  uyctitropic 
movements  iu  plants,  the  rhythm  of  activitj^  and  repose  in  a 
decerebrized  dog  or  (if  consciousness  be  denied  to  them)  in  the 
invertebrates,  are  only  comparable  to  sleep  on  its  phy.siologi- 
cal  side.  Without  the  psychological  accompaniment,  the  term 
is  no  more  applicable  here  than  it  would  be  to  all  periods  of 
loss  of  power  in  the  diurnal  fatigue  rhythm."  A  word  perhaps 
needs  to  be  said  concerning  the  various  states  that  resemble 
sleep.  In  some  cases  it  may  be  difficult  to  determine;  but  as 
the  conditions  of  sleep  become  more  fully  known,  it  will  become 

1  Manaceine:  pp.  59  £f. 

2  For  curve  of  diurnal  rhythm,  see  Lombard,  Jour,  of  Physiol.,  1892  ; 
Ostanikow  and  Gran,  Neurolog.  Centralbl.,  1893. 
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easier  to  distinguish  between  the  normal  and  the  abnormal. 
Little  light  upon  the  sleep  problem  can  be  expected  from  a  study 
of  abnormal  states.  Such  a  study  demands  first  a  thorough 
understanding  of  the  normal,  and  is  rather  a  field  for  the  ap- 
plication of  general  principles  already  discovered  to  special 
problems,  than  a  source  of  new  knowledge. 

The  three  questions  raised  at  the  outset  have  been  but 
meagerly  and  imperfectly  answered.  It  is  enough  to  have 
pointed  out  some  of  the  diflSculties  and  the  possibilities  that 
lie  before  an  evolutionary  theory  of  sleep.  ^ 
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A  'COLOR  IIvIvUSION.'^ 


By  M.  F.  McClure,  B.  S. 


In  "  Studies  from  the  Yale  Psychological  Laboratory,"  Vol- 
ume VI,  1898,  there  is  an  article  entitled  "  A  Color  Illusion" 
by  Professor  George  Trumbull  Ladd.  In  it  reference  is  made 
to  a  colored  diagram,  called  an  "example  of  Stilling's  Charts," 
used  for  testing  color  blindness.  The  chart  consists  of  a  pale 
green  background,  36  mm.  by  44  mm.,  which  is  divided  into 
squares  of  1.8  mm.,  by  white  lines  0.4  mm.  in  width.  On  this 
background  a  red  letter  E,  21  mm.  by  34  mm.  is  constructed 
out  of  similar  red  squares.  It  was  noticed  that  when  this 
figure  was  observed  with  a  fixed  gaze  for  a  few  seconds,  some 
or  all  of  the  squares  disappeared,  and  were  replaced  by  green 
squares  like  those  of  the  background. 

When  it  was  found  that  the  illusion  was  not  dependent 
upon  the  white  division  lines,  a  series  of  experiments  was  de- 
vised by  Dr.  E.  W.  Scripture  to  test  the  effects  of  varying 
the  color  of  the  background — or  "substituting  color" — while 
retaining  the  same  red  as  the  "disappearing  color,"  without 
dividing  either  background  or  strip  into  squares.  A  set  of 
Milton- Bradley  colored  papers  was  used,  and  out  of  these,  sheets, 
20  cm.  by  30  cm.,  were  cut  for  backgrounds,  while  small  strips, 
I  cm.  by  20  cm. ,  were  cut,  ready  to  lay  on  the  backgrounds. 
To  make  the  experiment,  a  background  of  a  desired  color  was 
fastened  to  a  board  by  tacks,  and  a  colored  strip  was  fixed  on 
it  by  a  pin ;  the  whole  was  then  observed  at  a  distance  of  about 
3  m.  Although  the  results  varied  somewhat  with  different  ob- 
servers, yet  "they  remained  fairly  constant  of  the  same  order. " 
The  results  obtained  by  a  standard  red  strip,  fixated  on  various 
backgrounds,  may  be  divided,  says  the  author,  into  two  classes. 
With  certain  backgrounds — green,  blue-green,  violet,  blue  and 
black — the  illusion  of  disappearance  and  substitution  takes 
place  quickly  and  suddenly.  With  other  backgrounds — yellow, 
orange,  light  gray,  white,  light  blue,  light  green  and  a  light 
reddish  violet — the  substitution  takes  place  with  great  difficulty, 
or  not  at  all.  If  the  same  experiment  is  made  with  an  orange 
strip,  the  illusion  comes  with  green,  dark  violet,  dark  blue  or 
black  blackgrounds,  only  after  persistent  trying.     On  the  red 

1  From  the  Psychological  Laboratory  of  Cornell  University. 
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strip  the  color  darkens,  but  on  the  orange  strip  it  lightens,  and 
the  background  color  seems  to  encroach  on  the  strip  from  both 
sides  until  (where  the  strip  does  not  disappear  entirely)  it  is 
but  a  narrow  "  line  of  sunlight." 

By  way  of  general  explanation,  fatigue,  in  the  sense  of  the 
Young- Helmholtz  theory,  is  suggested.  The  colored  strip  is 
said  to  fatigue  the  eye  and  thus  to  create  a  temporary  blind 
spot,  which  is  filled  in  by  the  color  of  the  background  as  the 
permanent  blind  spot  is  filled  from  surrounding  retinal  areas. 
The  explanation  is  admitted  to  be  unsatisfactory,  for  (i)  dark 
strips  seldom  disappear  on  light  grounds,  and  (2)  orange  grew 
brighter  and  lighter,  instead  c^f  darker,  before  disappearing. 

Aside  from  the  general  difficulties  which  the  principle  of 
fatigue  or  exhaustion  encounters  (the  rise  of  negative  after- 
images after  a  very  short  exposure,  while  the  eye  is,  neverthe- 
less, able  to  function  throughout  the  day),  there  are  here  two 
special  difficulties,  (i)  Why  should  a  limited  retinal  area  suc- 
cumb while  other  areas,  which  are  similarly  exposed  to  stimu- 
lation, are  unafiected?  In  the  second  place,  (2)  fatigue,  as  gen- 
erally conceived,  does  not  produce  an  entire  absence  of  visual 
sensations,  but  only  a  change.  Exhaustion  to  red,  for  exam- 
ple, produces  some  other  color  than  red,  depending  on  condi- 
tions of  stimulation.  The  exhaustion  of  the  "  red-fibre  "  does 
not  straightway  throw  the  visual  apparatus  out  of  function;  it 
only  changes  the  reaction  of  the  apparatus. 

Since  the  explanation  is  avowedly  inadequate,  and  since  the 
phenomena  described  have  considerable  interest  in  connection 
with  theories  of  colorr vision,  at  large,  it  has  seemed  worth  while 
to  repeat  the  Yale  experiments  with  some  modifications. 

The  experiments  which  are  described  below  were  carried  out 
in  the  Cornell  Laboratory  during  the  academic  year  1899- 1900. 

Sheets  of  colored  paper  (Milton-Bradley),  10  cm.  by  15  cm., 
were  cut  out  for  backgrounds,  and  strips,  0,5  cm.  by  10  cm., 
were  cut  out  to  be  placed  upon  these  backgrounds.  A  pin  with 
a  small,  round,  black  head  fastened  the  strip  vertically  to  the 
middle  of  the  background,  and  also  fastened  the  background  to 
a  black  upright  screen,  which  was  placed  1.5  m.  from  the 
observer.  An  uniform  light  fell  on  the  strip,  background  and 
screen  from  behind  the  observer,  so  that  no  shadows  or  reflec- 
tions were  produced.  A  series  of  eighteen  colors  were  used  as 
backgrounds,  while  only  the  six  '  standard  '  colors  were  used 
for  strips.  After  a  preparatory  "  Ready,"  the  signal  "  Now  " 
was  given,  a  stop-watch  was  started,  and  the  observer  fixated 
the  head  of  the  pin.  If  the  strip  disappeared,  and  complete 
substitution  took  place,  the  observer  indicated  the  fact,  and  the 
time  of  disappearance  was  noted.  If  it  did  not  disappear,  the 
fixation  was  continued  for  two  and  a  half  minutes.     The  intro- 
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spection  was  then  written,  and  the  ej^es  were  rested  until  all 
after-images  had  disappeared,  before  proceeding  with  the  next 
combination;  the  time  allowed  for  rest  being  at  least  three  and  a 
half  minutes.     The  colors  used  were: 

Violet  red  (V.  R.).     Rather  dull  and  dark. 

Red  (R.).     Dark  and  saturated. 

Orange  red  (O.  R.).     Vivid,  brighter  than  R.,  saturated. 

Red  orange  (R.  O.).     Brighter  than  red,  very  saturated. 

Orange  (O.).     Very  bright  and  vivid,  strong. 

Yellow  orange  (Y.  O.).     Bright,  unsaturated. 

Orange  yellow  (O.  Y.).     Bright,  darker  than  yellow,  unsaturated. 

Yellow  (Y.).     Bright,  very  little  saturated. 

Green  j^ellow  (G.  Y.).     Vivid,  bright,  thin. 

Yellow  green  (Y.  G.).     Bright,  well  saturated. 

Green  (G.).     Moderately  bright,  not  very  saturated. 

Blue  green  (B.  G. ).     Bright,  not  very  saturated. 

Green  blue  (G.  B.).     Rather  dark,  not  very  saturated. 

Blue  (B.).     Well  saturated,  darker  than  green  blue. 

Violet  blue  (V.  B.).     Dark,  well  saturated. 

Blue  violet  (B.  V.  j.     Dark,  moderatel)'  saturated. 

Violet  (V.).     Rather  light,  not  highly  saturated. 

Red  violet  (R.  V.).     Rather  light,  not  very  saturated. 

The  observers  were  Dr.  Lane  (L. ),  Miss  Winger  (W.),  Miss 
L.  Hempstead  (H.),  and  the  writer  (M.),  all  students  in  the 
Psychological  Department. 

The  first  fact  investigated  was  the  disappearance  of  the  strip. 
Out  of  408  tests — each  strip  with  all  the  diflferent  backgrounds 
repeated  with  the  four  observers  (6x17x4) — there  were  93  'dis- 
appearances.' Of  these,  37  were  reported  by  H,  and  the  other 
56  were  distributed  almost  equally  among  the  other  observers 
(19,  20,  17),  The  number  of  disappearances  of  the  strips, 
running  through  the  spectrum  from  red  to  violet,  was  as  follows: 
14,  18,  8,  13,  23,  17;  blue  disappearing  most  often  and  3'ellow 
least  often.  There  is  a  good  deal  of  variability  in  the  back- 
grounds upon  which  the  strips  were  lost.  Only  once  did  all 
four  observers  report  a  disappearance  with  the  same  combina- 
tion of  scrip  and  background.  This  was  with  B.  on  V.  B.  There 
were  10  concurrent  disappearances  with  3  observers:  V.  on  G. 
B.,  B.  V.  and  R.  V.;  B.  on  V.  R.;  G.  on  R.  O.;  O.  on  R.  O., 
Y.  G.  and  G.;  R.  on  V.  R.  and  B.  V.  Some  disappearances 
occurred  with  every  background:  R.,  O.  Y.  and  Y.  gave  the 
fewest  (2  each),  and  R.  O.  the  most  (10).  When  one  remem- 
bers the  heterogeneous  nature  of  the  papers,  variations  in  bright- 
ness, color  tone  and  saturation,  and  mixture  of  pigments,  one 
can  hardly  wonder  at  the  apparent  conftision  in  the  results.  It 
is  worth  noting,  however,  that  in  the  11  concurrences  which  we 
have  mentioned  there  exists  in  each  case  a  likeness  between  the 
strip  and  the  ground  either  in  (i)  color  tone,  (2)  brightness, 
(3)  lack  of  saturation  or  (4)  in  two  or  three  of  these  moments 
at  the  same  time. 
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Much  more  important  than  these  numerical  results  (consider- 
ing the  unsatisfactory  character  of  the  estimate)  is  the  intro- 
spective account  of  the  experiments.  Introspection  brought 
out  the  following  facts. 

A.  At  the  first  glance  the  contrast,  both  in  color  and  bright- 
ness, was  greatest.     This  contrast  was  at  times  very  striking. 

B.  Quite  soon,  however,  the  strip  and  ground  began  to  lose 
saturation,  and  to  approximate  each  other  in  brightness,  until, 
in  cases  of  complete  disappearance,  the  brightness  of  the  strip 
and  of  the  ground  were  the  same.  Although  both  colors 
yielded  to  each  other  more  or  less,  the  strip  yielded  the  most 
and  was  merged  in  the  ground. 

C.  After  the  approximation  in  brightness,  but  before  its 
disappearance,  the  strip  was  covered  by  a  '  veil '  of  the  back- 
ground color,  through  which  the  color  and  form  of  the  strip 
could  be  seen  in  a  greater  or  less  degree.  Sometimes  the  color 
of  the  strip  spread  over  the  background  to  a  small  extent;  the 
veiling  of  the  strip  occurred,  however,  in  almost  every  case. 

D.  The  strip  then  lost  its  identity,  going  entirely  into  the 
background  which  had  diminished  in  saturation  and  in  bright- 
ness of  tone. 

Beside  this  general  course  in  the  visual  sensations,  a  number 
of  special  points  were  noted,  (i)  In  82  tests  the  strip  either 
approximated  the  color  of  the  background,  or  became  merely 
a  line  of  brightness  with  definite  or  indefinite  outlines. 

(2)  In  44  tests  the  .strip  narrowed  down  to  a  small  area 
directly  around  the  pin  head.  At  times,  both  color  and  form 
remained  here;  again,  only  color;  and  still  again,  just  bright- 
hess  remained. 

(3)  In  54  combinations  the  one  end  disappeared  entirely, 
almost  to  the  center.  At  times  the  one  end  would  go  and  then 
the  other,  but  never  both  at  the  same  time,  the  upper  end  re- 
appearing before  the  lower  one  went  and  vice  versa. 

(4)  The  background  was  surrounded  at  times  by  a  halo  of 
the  complementary  color. 

(5)  In  22  cases,  the  background  or  the  strip  lost  in  satura- 
tion, and  approximated  the  other  in  brightness;  it  became  a 
"peculiar,  luminous  gray;"  and,  finally,  changing  over,  ac- 
quired either  the  color  complementary  to  the  original  color  of 
(a)  the  background  or  of  (b)  the  strip,  or  (c)  some  other  color. 

Again,  (6),  in  some  instances,  the  strip  and  background 
simply  lost  saturation,  and  became  grayer. 

Conclusions. 

Since  the  invocation  of  the  principle  of  exhaustion  or  fatigue 
has  been  found  inadequate,  we  propose  to  interpret  the  facts 
which  have  now  been  collected  in  the  light  of  a  rival  theory 
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of  visual  sensations, — the  theory  of  Heriug.  It  is  very  evident 
that  at  least  some  of  the  phenomena  which  we  have  called  at- 
tention to  are  intimately  connected  with  Local  Adaptation  and 
Contrast.  Suppose  that  we  take  Hering's  account  of  these 
two  groups  of  facts,  as  it  is  given  in  the  ' '  Zur  L,ehre  vom 
Lichtsinne,"  and  attempt  to  apply  his  explanations  to  the  re- 
sults before  us.^ 

First  in  regard  to  our  general  results. 

A.  The  increase  in  color  and  brightness  differences  at  the 
very  first  is  a  matter  of  simultaneous  contrast  (pp.  42  and  129).'^ 
This  is  due  to  the  indirect  effects  of  stimulation. 

B.  The  approximation  in  brightness  and  the  decrease  in 
saturation  is  due  to  local  adaptatio7i.  As  the  effect  of  adapta- 
tion, all  brightnesses  tend  toward  a  medium  gray,  and  all  colors 
tend  toward  their  complementaries,  passing  through  gray,  the 
point  of  minimal  saturation  (pp.  131-134). 

C.  The  veil  of  the  background  color  which  spreads  over  the 
strip  is  caused  by  simultaneous  light  induction. 

This  is,  again,  an  illustration  of  the  fact  that  the  retina  is  an 
unit  and  functions  as  a  whole.  As  a  consequence,  the  effect  of 
stimulation  is  not  limited  to  the  region  directly  affected  but 
extends  to  neighboring  portions  of  the  organs  (indirect  stimula- 
tion). It  is  to  be  noted  that  the  effect  of  simultaneous  induc- 
tion is  reciprocal;  the  color  of  the  strip  spreads  to  the  ground, 
and  that  of  the  ground  to  the  strip  (pp.  19,  29,  129). 

D.  This  is  simply  a  later  stage  in  the  processes  already  de- 
scribed. Adaptation  continues  to  affect  the  colors  of  the  ground 
and  of  the  strip.  There  seems,  however,  to  be  a  slower  adap- 
tation for  the  more  extensive  ground  (we  know  that  the  color  of 
a  small  patch  is  very  unstable;  cf.  pp.  13 1-2)  and  hence  a 
preponderance  in  the  successive  color  induction  from  this  to  the 
strip.  A  very  important  point  in  this  connection  is  the  fact 
that  the  background  is  only  relatively  stable;  it  undergoes  change 
as  surely  as  does  the  smaller  strip.  This  fact  gives  the  key  to 
the  whole  phenomenon.  It  seems  to  have  been  overlooked  by 
Professor  Ladd.  To  test  the  effect  of  steady  fixation  upon  the 
background,  the  whole  series  of  "substituting  colors"  was 
used  without  the  strips,  i.  e.,  they  were  simply  fixated  upon  the 
black  screen.  Out  of  the  72  tests  (18x4),  19  gave  gray  (total 
loss  of  saturation),  41  gave  a  partial  loss  of  saturation,  8  gave 
the  complementary  color  and  4  some  other  color.  In  710  single 
case  did  the  gro2ind  retain  its  origi^ial  quality.  The  sudden 
"vanishing"  of  the  strip,  which  occurs  at  times,  is  probably 


^  A  good  general  account  of  the  phenomena  of  Contrast  and  Adapta- 
tion and  their  explanation  may  be  found  in  H.  Ebbinghaus,  GrundzUge 
der  Psychologic,  I,  1897,  pp.  217-229,  245-263. 

2 The  references  are  to  the  Lichtsinn. 


A  'color  illusion.'  183 

due  to  fluctuation  of  attention  at  the  point  where  diiFerences  of 
the  strip  and  ground  are  almost  eliminated. 

The  more  special  facts  related  above  do  not  call  for  extended 
explanation.  The  cases  in  (i)  are  made  intelligible  by  the 
smaller  area  of  the  strip  as  compared  with  the  area  of  the  back- 
ground. Here  extension  is  a  factor  in  the  determination  of  the 
qualitative  effect,  as  in  temperature  it  influences  quantity 
(intensity).  The  instability  of  a  small  color-stimulus  is  more 
easily  demonstrable  if  a  liminal  extent  of  color  is  taken.  The 
exact  value  of  the  extensive  attribute  of  visual  sensations  needs 
working  out.  The  peculiarities  of  (2)  and  (3)  are  doubtless  to 
be  referred  to  attention  to  the  black  fixation  point,  and  to  dif- 
ferences in  distribution  of  the  visual  substances.  The  halo  in 
(4)  is  another  instance  of  simultaneous  induction  (p.  129).  We 
have  already  considered  the  conditions  operating  in  (5).  For 
the  physiological  processes  in  this  case  see  pp.  126  ff. 

It  is  worth  noting  that  whenever  the  strip  became  comple- 
mentarily  colored  it  was  a  yellow  or  a  violet  strip, — a  poorly 
saturated  stimulus, — one,  therefore,  that  stands  near  gray,  and 
hence  near  its  complementary.  Where  some  color  other  than 
the  complementary  followed  the  loss  of  saturation,  it  was  the 
color  which  would  have  been  produced  by  the  mixture  of  the 
strip  color,  or  of  its  complementary, with  the  induced  color  from 
the  ground;  B.  on  Y.  O.  gave  G.  Y.  three  different  times  (>5.-|- 
Y.  0.=:G.  y.),^and  V.  on  O.  Y.  gave  Y.  (comp.  of  V.=G.  Y, 
G.  Y.-\-0.  K=K,).  Again,  in  the  case  of  the  grounds,  it  was 
the  yellows  and  the  violet  which  went  over  to  the  complementary 
color;  both  with  the  strip-background  experiments  and  with  the 
backgrounds  by  themselves.  All  these  things  we  should  expect 
to  follow  local  adaptation  and  induction.  Point  (6)  represents 
the  first  stage  of  adaptation. 

Our  observers  noted  the  apparent  lightening  of  the  bright 
colors,  orange,  yellow  and  green,  and  darkening  of  the  red  and 
blue,  with  decreased  saturation.  A  similar  fact  was  mentioned 
in  the  Yale  experiments.  We  are  very  strongly  inclined  to 
regard  this  as  a  misinterpretation  of  the  facts.  The  absolute 
brightness  of  colors  is  dif&cult  to  determine.  We  underestimate 
the  large  brightness  differences  in  the  spectrum.  These  differ- 
ences come  out  sharph^  when  the  color-tone  is  reduced  or  elimi- 
nated through  the  process  of  adaptation.  A  red  is  so  rich,  so 
saturated,  so  "  taking,"  that  we  do  not  realize  its  small  bright- 
ness valence;  hence, when  it  begins  to  grow  graj',  it  seems  grad- 
ually to  darken.  One  can  easily  convince  oneself  of  this  fact, 
by  fixating  monocularly  for  some  time  a  good  red,  meanwhile 

^Blue  was  a  saturated  color,  and  evidently  did  not  quite  reach  the 
gray  stage. 
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looking  for  an  instant,  from  time  to  time,  at  the  same  stimulus 
with  the  unused  eye  alone.  In  this  way  one  can  bring  the  dulled 
and  the  original  red,  practically,  side  by  side  and  easily  compare 
them  in  brightness  as  well  as  in  saturation.  This  method  will 
also  quickly  bring  the  conviction  that  the  phenomenon  here  in 
question  is  not  a  '  strip-phenomenon,'  but  rather  that  it  embraces 
the  whole  field  of  visual  sensation.  The  strip  is  no  more  truly 
affected  than  the  background,  and  the  background  than  its  sur- 
roundings; its  changes  are  more  striking  because  it  happens  to 
be  smaller,  and  because  it  lies  in  the  focus  of  the  attention.  The 
phenomenon  is  no  more  an  '  ilkision '  than  is  any  change  in 
visual  sensation  which  is  a  result  of  the  temporal  course  of 
stimulation. 


THE  PERCEPTION  OF  VISUAL  FORM.^ 


By  L.  Hempstead,  Ph.  B. 


Theobjectof  the  present  Stud}' is  to  record  the  perceptions  set  up 
by  simple  visual  forms  shown  to  the  observer  upon  a  background 
subliminally  or  liminally  diflferent  from  themselves.  We  wished 
to  ascertain  whether  the  illusory  perception  and  associative 
completion  of  figures,  exhibited  under  these  conditions,  obeyed 
any  general  law;  whether  constant  individual  differences  could 
be  made  out,  as  between  observer  and  observer;  and  whether 
the  development  of  typical  figures,  as  they  passed  through  the 
stage  of  subliminal  to  that  of  liminal  and  thence  to  that  of  supra- 
liminal difference  from  their  background,  followed  any  constant 
course.  The  problem  proved  to  be  more  complex  than  we  had 
supposed,  and  the  results  here  published  are  only  preliminary. 

§  I.     Method  and  Apparatus. 

The  experiments  were  performed  during  the  academic  year 
1 899-1 900.  The  apparatus  used  was  that  devised  for  another 
purpose  by  Leuba,'^  and  modified  by  Whipple.' 

The  apparatus  consisted  (a)  of  a  blackened  tube,  50  ctn.  in  length 
and  4  cm.  in  diameter.  At  a  distance  of  8  cm-,  before  this  stood  (b)  a. 
rotating  disc,  49  cm.  in  diameter,  in  which  were  cut  12  radial  slits  (20 
cm.  long,  10  mm.  wide  towards  the  peripher}'  and  15  mm.  wide  towards 
the  center  of  the  disc)  extending  to  a  distance  of  2  cm.  from  the  outer 
edge  of  the  disc.  The  disc  was  made  of  middle-weight  junk-board, 
faced  with  gray  paper.  The  electric  motor  which  carried  the  disc  was 
slung  between  upright  wooden  guides,  in  which  it  had  a  vertical  move- 
ment of  some  15  cm.  The  tube  pointed  through  the  upper  portion 
(above  the  axis)  of  the  disc  :  so  that  the  lower  the  disc,  the  greater 
was  the  amount  of  gray  interposed  between  tube  and  object.  At  a 
distance  of  150  cm.  from  the  disc  was  placed  (c)  a  standard,  carrying 
a  gray  card,  15.5  cm.  square,  upon  which  was  pasted  an  outline  figure 
of  gray  (about  7  cm.  square,  and  8  mm.  in  width  of  line).  Only  out- 
line figures  were  used,  as  the  limeu  for  solid  figures  proved  to  be  a 
good  deal  higher  than  that  for  outlines.'*  The  gray  of  the  background 
was  the  Milton-Bradley  Co.'s  neutral  gray,  no.  i;  that  of  disc  and 
figure  was  the  slightly  lighter  warm  gray,  no.  I.  The  work  was  done 
in  the  dark  room,  and  the  necessary  illumination  produced  (a')  by  two 

iProm  the  Psychological  Laboratory  of  Cornell  University. 

^  Am.  Jour,  of  Psych.,  V,  376. 

^  Am.  Jour,  oj  Psych.,  IX,  569. 

*This  is  evidently  due  to  the  multiplication  of  'lines  of  difference' 
in  the  outline  figures.  CJ.  the  difficulty  with  which  the  place  of 
junction  of  several  lines  is  perceived  in  the  experiments  cited  below. 
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incaudescent  lamps  iu  the  regular  no  v.  alternating  current  circuit. 
The  first  lamp,  i6  c.  p.,  hung  20  cm.  in  front  of  the  disc;  the  second 
32  c.  p.  (ground  glass)  hung  35  cm.  in  front  of  the  object-card.  Both 
■were  shaded  on  the  side  towards  the  observer.  The  illumination  was 
not  absolute!}'  constant  from  day  to  day,  though  it  was  sensibly  con- 
stant during  an  experimental  sitting.  A  large  sheet  of  black  card- 
board, fitted  to  the  observing  tube,  cut  off  the  diffused  light  of  the 
lamps  and  screened  the  whole  apparatus  from  the  observer. 

The  method  of  work  was  as  follows.  The  disc  was  placed 
at  its  lowest  point,  so  that  the  difference  between  figure  and 
background  was  subliminal.  At  a  "  Now!  "  following  a  warn- 
ing "Ready!"  the  observer  looked  through  tube  and  disc, 
fixating  the  gray  card.  Five  .sec.  were  allowed  for  observation; 
the  introspective  record  was  then  written  down.  After  the  disc 
had  been  raised  5  mm.,  the  experiment  was  repeated;  and  so 
on.  The  time  required  for  a  single  experiment  (inclusive  of 
that  taken  b3^  the  observer  to  draw  and  describe  what  he  had 
seen)  was  5  to  10  minutes. 

We  had  anticipated  that  there  would  be  a  considerable  error 
of  expectation;  but  the  anticipation  was  not  borne  out,  either 
by  the  objective  results  or  by  the  introspective  records.  It  was 
so  difficult  to  make  out  the  figure  at  all,  that  the  observer 
seemed  to  surrender  himself  wholly  to  the  present  impression, 
rather  than  to  look  for  a  modified  form  of  the  preceding  im- 
pression. It  need  hardly  be  said  that  the  observers  never  saw 
the  figures,  save  under  the  conditions  of  the  experiment,  and 
that  nothing  was  said  to  them  as  to  the  rightness  or  wrongness 
of  their  interpretations. 

The  figures  employed  numbered  71;  and  these  were  turned, 
some  through  90°  and  some  through  180°,  so  that  the  total 
number  of  stimuli  was  142.  A  few  were  employed  but  once; 
the  more  suggestive  were  used  much  oftener,  though  not  so 
often  as  to  be  recognized  by  the  observer.  After  a  long  period 
of  practice  300  experiments  were  taken.  In  each  of  these  the 
disc  was  rai.sed  8  to  30  times,  and  each  of  them  gave  from  5  to 
30  different  form  perceptions. 

The  observers  were  seven  in  number. 

The  observers  were  as  follows:  (i)  Miss  L-  Aldrich,  A,  a  psycho- 
logically trained  observer,  alert,  and  objective  in  type;  (2)  Miss  J, 
Cochran,  C,  a  trained  observer  of  the  subjective  type;  (3)  Miss  L. 
Hempstead,  H,  a  partially  trained  observer,  of  the  objective  type, 
working  with  full  knowledge  of  the  experiment  and  its  aim  ;  (4)  Dr. 
W.  B.  Lane,  L,  a  trained  psychologist,  of  an  extremely  subjective  type, 
possessed  of  some  general  knowledge  of  the  nature  of  the  experiment ; 
(5)  Miss  M.  F.  McClure,  M,  a  trained  observer, — very  alert  and  imagi- 
native, but  still  of  the  receptive  or  objective  type  ;  (6)  Miss  I.  G.  Rob- 
ertson, R,  an  untrained  observer,  objective;  anl  (7)  Miss  F.  M.  Win- 
ger, IV,  a  trained  psychologist, with  some  knowledge  of  the  experiment, 
not  so  easily  classed  as  the  preceding  observers,  but  perhaps  rather 
subjective  than  objective  iu  her  attitude  towards  the  experiment.     In 
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order  of  exactness  of  perception,  the  observers  fall  into  5  groups  :    A, — 
R—H,M  —  W,L—C. 

It  does  not  appear  that  the  type  of  the  observer,  or  his  gen- 
eral attitude  towards  the  experiment,  exerted  any  marked  influ- 
ence upon  the  experimental  results.  All  that  can  be  said  is  that 
the  observers  who  knew  nothing  of  the  experiment,  and  were 
alert  and  objective  in  temperament,  showed  a  somewhat  slighter 
tendency  to  get  a  regular  progressive  series  of  illusory  percep- 
tions, and  a  much  slighter  tendency  to  see  figures  that  bore  no 
resemblance  to  the  stimuli,  than  did  the  observers  who  were 
more  suspicious  and  subjectively  minded,  and  who  knew  or 
guessed  something  of  the  character  of  the  experiment.  Certain 
well  defined  tendencies  of  interpretation  may  be  traced  through 
all  the  records. 

§  2.     The  Various  Forms  op  Illusory  Perception. 

The  results  of  the  experiment,  under  this  heading,  may  be 
classified  as  follows. 

A.  Perceptions  which  Bear  a  Defijiite  Resemblance  to  the 
Stimulus.  Through  all  the  hundreds  of  examples  of  these  per- 
ceptions certain  general  and  unifying  principles  may  be  clearly 
traced.     They  are: 

I.     For  the  more  objectively  grounded  perceptions: 

(i)  The  joining  of  different  parts  of  a  figure,  i,  e.,  the  for- 
mation of  a  continuous  from  a  discontinuous  figure.  This  join- 
ing may  be: 

{a)  Of  several  isolated  portions  of  a  figure.  This  is  irregular 
and  rare,  occurring  most  often  where  the  figure  is  but  feebly 
sensed.  It  may  be  the  condition  of  several  of  the  illusions  given 
under  B  below.     See  Plate  I,  Fig.  \  a  a' ? 

{b)  Of  opposite  end-points  of  a  given  line,  or  of  a  terminal 
point  and  a  straight  line.  This  joining  occurs  very  frequently 
when  the  added  line  runs  in  a  direction  similar  to  that  of  lines 
of  the  figure:  otherwise  it  is  rare.    PI.  I,  Figs.  2  a  a',  3  a  a'. 

(c)  Occasionally,  of  two  lines  who.se  junction  can  he  effected 
by  the  continuation  of  a  line  in  a  direction  parallel  to  itself.  PI. 
I,  4  «  a'. 

(d)  See  2  b  below. 

The  joining  lines  themselves  may  be  : 

(i)  straight,  so  that  the  connection  will  be  accomplished  in  the 
shortest  possible  way.     PI.  1,5  a  a'. 

(ii)  a  continuation  of  a  given  line, — hence  taking  its  direction.  PL 
I,  6  a  a'. 

(iii)  curved,  as  if  from  mere  indefiniteness  of  direction.  PI.  I,  1  b  b' . 

^  The  figures  in  the  columns  under  the  simple  letters  are  the  figures 
used  as  stimuli ;  those  under  the  same  letters  accented  show  the»inter- 
pretation  put  upon  these  figures  by  the  observer. 
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(iv)  of  a  form,  the  'cue'  to  which  is  taken  from  the  lines  of  the 
figure.     PI.  1,  2  b  b' . 

(2)  The  continuation  of  lines.  The  lines  of  the  given  figure 
may  be  continued: 

{a)  Indefinitely  and  irregularly,  when  parts  of  the  figure 
first  begin  to  be  sensed.     PI.  I,  3  (^  b' . 

(b)  When  by  so  doing  two  portions  of  the  figure  will  be 
joined  to  form  a  more  unitary  whole.     PI.  I,  4  (^  b'. 

(c)  When  by  the  continuation  a  symmetrical  figure  will  be 
produced.     PI.  1,  5  6  b' . 

{d^  When  the  continuation  is  in  a  direction  similar  to  that 
of  other  lines  of  the  figure.     PI.  1,  6  b  b' . 

(3)  The  rounding  of  angles.  When  the  angles  of  a  figure 
first  begin  to  be  perceived,  they  appear  round.  This  may  pos- 
sibly be  an  example  of  the  joining  of  two  portions  of  a  figure, 
made  possible  by  the  higher  liminal  value  of  solid  figures:  the 
angles  being  rather  solid  than  open  forms.  Very  often  the  im- 
pression of  roundness  persists  even  after  the  angularity  has  been 
perceived.     PI.  I,  i  c  c' . 

(4)  The  failure  to  perceive  lines.  It  often  happens  that 
complete  lines  of  a  figure  are  not  sensed,  although  the  observer 
is  confident  that  he  has  seen  the  whole  form,  and  is  ready  to 
conclude  the  experiment.  This  tendency  is  especially  marked 
when  the  lines  are: 

{a)     Short  and  disconnected.      PI.  I,  2  c c' . 
(b)     Included  lines.     PI.  I,  sec'. 

II.     For  the  more  subjectively  grounded  perceptions: 
(i)     Tendencies  affecting  the  number  of  lines. 

(a)  The  addition  of  lines. 

(i)  What  seem  to  be  purely  subjective  lines  appear,  to  a 
greater  or  less  degree,  with  all  observers,  and  are  included  in 
nearly  all  outline  figures.  They  occur  throughout  the  whole 
experiment,  though  seldom  towards  the  end.  They  are  very 
fleeting  and  uncertain.  It  is  unusual  for  them  to  persist  for 
more  than  two  observations,  or  to  be  at  all  constant  whether 
for  different  observers  with  the  same  figure  or  for  the  same 
observer  and  the  same  figure  at  different  times.  The  only — 
and  that  a  dimly  defined — underlying  principle  is  that  of  sym- 
metry.    PI.  I,  4  c  c\ 

(ii)  lyines  which  more  definitely  conform  to  rule  are  added 
when  they  can  be  joined  to  the  ends  of  given  lines  and  run 
parallel  to  other  lines.     PI.  I,  5  cc'. 

(b)  Uncertaint)-  in  regard  to  number  of  lines.  Great  un- 
certainty is  shown  as  to  the  number  of  lines,  especially  in  those 
figures  in  which  a  definite  form  or  direction  of  line  is  repeated. 
PI.  I,  6cc',  I  dd'. 
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(2)  Those  relating  to  the  position  of  lines.  When  the 
figure  is  as  yet  ver3'  faint,  great  indefiniteness  in  respect  to 
position  is  shown.     PI,  I,  2  dd' . 

(3)  Those  relating  to  the  form  of  lines. 

(a)  Lines  which  are  nearlj'  straight  are  apt  to  seem  straight. 
Even  curved  lines,  when  short  or  but  slightly  curved,  occasion- 
ally appear  straight  at  the  beginning  of  an  experiment.  PI.  I, 
Zdd'. 

{b)  Very  occasionally,  feebly  sensed  straight  lines  appear 
curved.     PI.  I,  4  d d' . 

(<:)  Very  often  the  '  cue '  to  form  is  taken  from  a  part  of 
the  figure,  and  applied  from  this  to  the  whole.     PI.  I,  5  d d' . 

III.  Individual  Illusions.  But  one  example  of  an  illusion 
characteristic  of  only  one  observer  was  found.  In  figures  which 
had  a  broken  outline,  R  saw  dark  lines  cros.sing  the  background 
and  cutting  the  outline  where  incomplete.      PI.  I,  6  dd'. 

These  illusions  do  not  occur  singly,  but  in  all  manner  of  com- 
binations, the  illusory  lines  themselves  sometimes  furnishing  a 
basis  for  further  illusions. 

B.  Perceptions  which  Bear  no  Traceable  Resemblance  to  the 
Given  Figure.  Toward  the  beginning  of  the  experiments,  and 
often  for  some  time  during  their  progress,  all  sorts  of  figures 
were  seen,  which  bore  no  apparent  resemblance  to  the  given 
figure  (PL  I,  M,  W  2,  C).^  For  some  observers — for  C  in 
particular — these  figures  formed  a  continuous,  ever-changing 
series,  lasting  until  the  real  form  definitely  appeared.  For 
others,  they  came  only  occasionally,  and  often  in  isolated  ex- 
amples. Not  only  are  the  manner  in  which  they  appear,  and 
the  number  of  observations  during  which  they  remain  un- 
changed, matters  of  great  individual  diflference,  but  their  num- 
ber, form  and  variety  are  also  most  characteristic.  Some  6  or 
7  types  of  figures  can  be  chosen  for  each  observer,  of  which  all 
the  other  forms  seen  are  but  modifications.  The  types  are  quite 
different  for  the  different  observers. 

A  distinction  was  made  by  the  observers  between  these  forms 
and   those  which   were    undoubted    modifications  of  the   real 

^  The  lower  part  of  Plate  I  shows  the  series  of  forms  seen  with  a 
given  figure.  The  letters  indicate  the  observers  ;  the  numbers  below 
them  are  inserted  simply  for  convenience  of  reference.  The  figures 
to  the  right  represent  the  form  given,  and  those  still  further  to  the 
right,  extending  across  the  page,  are  the  corresponding  series  of 
figures  seen.  The  small  t  indicates  that  first  the  one  and  then  the 
other  of  the  figures  on  either  side  was  seen  during  a  single  observa- 
tion. The  small  numbers  give  the  number  of  times  that  nothing  was 
seen;  the  small  numbers  placed  above  the  figures  give  the  number  of 
times  that  these  were  successively  seen.  Wi  and  fT  are  fragments; 
the  number  of  figures  in  the  other  series  has  been  slightly  changed, 
but  the  series  are  none  the  less  typical. 
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figure.  They  were  spoken  of  as  mere  'impressions.'  The 
line  of  difference  was,  however,  not  sharply  drawn;  and  its 
drawing  did  not  .seem  to  be  conditioned  upon  any  necessary  or 
intrinsic  difference  of  perception,  (i)  At  times,  the  'impres- 
sion '  shows  decided  marks  of  being  influenced  by  the  real 
figure,  while  bearing  no  determinate  resemblance  to  it.  It  often 
happened,  e.  _^.,  in  the  cases  of  Z,  and  IV  (F\.  1,  IV  2,  3),  that 
the  impression  gradual!}'  changed,  so  as  to  become  the  real 
figure.  (2)  The  impression  occurred  less  often,  and  was  less 
definite,  when  a  plain  gray  card  was  substituted  for  the  stimulus 
card.  When  we  add  to  these  facts  (3)  the  extreme  likelihood, 
rooted  in  the  nature  of  the  method,  that  the  observer  should 
utilize  slight  retinal  stimulations  for  the  building  up  of  the  final 
geometrical  forms,  we  seem  to  be  forced  to  the  conclusion  that 
the  '  impression  '  and  the  more  objective  '  perception  '  are  iden- 
tical in  kind.  The  apparently  contradictory  fact,  that  the  im- 
pression often  changed  entirely  from  one  observation  to  another, 
is  still  not  incompatible  with  the  theory  of  chance  local  excita- 
bility of  the  retina.  Experiments  are  now  in  progress,  whose 
object  is  by  variation  of  method  to  test  this  hypothesis,  and  to 
account  (if  possible)  for  the  form  preferences  of  the  individual 
observers. 

§  3.     The  Development  of  the  Form. 

The  apparatus  was  so  disposed  that,  for  the  first  few  trials, 
the  observer  saw  no  form,  or  at  least  had  no  more  than  an 
'  impression. '  Presently,  portions  of  the  figure  began  to  appear. 
The  form  might  begin  as  a  mere  '  suggession  '  of  something, 
and  then  flash  suddenly  out;  or  it  might  develop  regularly 
and  gradually.  What  portion  was  seen  first  seems  to  have 
been  a  matter  of  accident,  except  that  a  long  line  was  apt  to  be 
perceived  earlier  than  a  shorter  one.  The  figure  was  at  first 
extremely  faint,  in  some  cases  coming  and  going  so  often  that 
4  or  5  partially  different  figures  were  seen  during  a  single  ob- 
servation (PI.  I,  M,  Mi,  W  T),  4).  Occasionally,  the  whole 
figure  would  seem  to  move,  or  the  lines  to  dance  and  flicker  as 
their  brightness  fluctuated.-^  Gradually,  in  such  cases,  the 
figure  would  become  clearer;  a  definitely  marked  outline  re- 
placed the  narrow  streaks  of  light,  shading  off"  into  the  back- 
ground, which  had  at  first  held  the  attention.  The  illusions 
of  §  2  were  to  be  noticed  from  the  moment  that  a  form  appeared 
at  all.  They  might  last  to  the  very  end  of  the  experiment, 
though  more  often  they  disappeared  as  the  figure  became  more 
definite.  Now  and  again,  an  observer  reported  that  he  'felt* 
an  irregularity  in  the  figure,  before  he  was  clearly  aware  of  the 

^G.  M.  Whipple:  Amer.  four,  of  Psych.,  IX,  570. 


192  THE   PERCEPTION   OP   VISUAL   FORM. 

nature  of  the  irregularity  (PI.  I,  W  1').  The  simpler  figures, 
and  the  more  regular  of  the  complex  figures  (those  composed 
of  parallel  lines),  were  the  more  directly  and  the  more  correctly 
perceived;  those  figures  produced  the  most  illusions  whose  lines 
offered  the  most  varied  foundation  for  them. 

Summary. 

( 1 )  In  looking  at  forms  liminally  different  from  their  back- 
ground, we  are  likely  to  continue  lines  and  to  complete  figures, 
under  the  guidance  of  the  two  principles  of  symmetry  and 
similarity.  We  are  also  likely  to  round  angles,  and  to  neglect 
certain  lines  altogether. 

(2)  On  the  more  subjective  side,  we  have  but  an  indefinite 
idea  of  the  number,  form,  and  position  of  the  component  lines. 
Our  perception  is,  again,  guided  by  the  principles  of  symmetry 
and  similarity. 

(3)  Each  observer  has  certain  habits  of  illusion,  or  certain 
typical  modes  of  associative  completion,  which  persist  with 
modification  throughout  his  records. 


ON  THE  CORRELATION  OF  MENTAL  AND  MOTOR 
ABILITY  IN  SCHOOL  CHILDREN. 


By  William  Chandler  Bagley,  M.  S.,  Ph.  D., 
Assistant  in  Psychology,  Cornell  University. 


§  I.     Introduction. 

In  the  fall  of  1897  the  writer  began,  under  the  direction  of 
Professor  Jastrow,  of  the  University  of  Wisconsin,  a  study  of 
the  correlation  of  mental  efficiency  and  motor  ability  in  school 
children.  The  studies  of  Hancock^  and  Gilbert"  in  Worcester 
and  New  Haven,  the  investigations  of  Peckham*  in  Milwaukee, 
and  the  excellent  work  of  Porter*  in  St.  Louis,  had  paved 
the  way  for  a  study  of  this  kind.  The  radical  reforms  in 
educational  method,  all  directed  upon  a  more  complete  recogni- 
tion of  the  motor  element  in  school  work,  seemed  to  demand 
such  an  investigation.  The  old  proverb,  "  A  sound  mind  in  a 
sound  body,"  had  received  an  infusion  of  new  life,  and  the  prin- 
ciple which  it  adequately  expressed  found  an  extreme  form  of 
application  in  the  elaborate  organization  of  college  athletics. 
At  the  same  time,  upon  the  intellectual  side,  the  rise  of  a  cer- 
tain '  muscular '  school  of  psychophysics,-  and  still  more,  the 
prominence  of  a  strenuous  '  motor '  cult  in  art  and  fiction,  had 
done  much  toward  giving  an  unusual  importance  to  the  motor 
aspects  of  education.  All  this  was  augmented  from  a  strictly 
technical  standpoint  by  the  work  of  Porter  who,  after  correlating 
the  weight  of  St.  Louis  school  children  with  their  class-room 
records,  found  a  marked  tendency  toward  a  direct  relation 
between  weight  and  mental  '  precocity. '  Weight,  he  then 
argued,  easily  stands  for  motor  ability;  hence  the  child  increases 
in  mental  efiiciency  directly  as  he  increases  in  motor  ability. 

The  investigations  upon  which  the  following  study  is  based 

^  Hancock,  J.  A.:  A  Preliminary  Study  of  Motor  Ability,  Pedagogical 
Seminary,  Vol.  Ill,  pp.  9-29.     (October,  1894.) 

2 Gilbert,  J.  A.:  Researches  on  the  Mental  and  Physical  Development 
of  School  Children,  Studies  from  the  Yale  Psy.  Lab.,  Vol.  II,  pp.  40- 
100.     (November,  1894.) 

3Peckham,  G.  W.:  The  Growth  of  Children,  6th  Annual  Report  Wis- 
consin State  Board  of  Health,  Vol.  VI,  pp.  28-73.     Madison,  1882. 

*  Porter,  W.  T.:  The  Physical  Basis  of  Precocity  and  Dullness,  Trans- 
actions Academy  of  Science,  St.  Louis.  Vol.  VI,  pp.  161-181.  (March, 
18930 
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are  far  too  limited  in  number  to  admit  of  wide  generalization. 
The  results,  however,  differ  so  radically  from  those  of  Porter 
that  it  is  thought  advisable  to  publish  them,  not  with  the 
belief  that  they  will  be  accepted  as  conclusive  in  any  respect, 
but  with  the  hope  that  they  may  throw  at  least  a  glimmer  of 
light  upon  some  disputed  points,  as  well  as  ofier  some  sugges- 
tions which  may  be  of  value  to  future  investigators. 

§  2.     Data. 

The  data  of  the  stud}^  are  drawn  from  four  largely  independ- 
ent sources,  two  contributing  the  motor  and  two  the  mental 
data;  of  each  of  these,  one  source  was  experimental,  the  other 
non-experimental. 

A.     The  Experimental  Sources. 

{a)  Motor.  The  motor  data  were  obtained  experimentally 
by  means  of  tests  designed  to  determine  motor  ability  in  five 
respects:  (i)  strength,  (2)  rapidity  of  voluntary  movement, 
(3)  accuracy  of  voluntary  movement,  (4)  control  of  voluntary 
movement  or  ' '  steadiness  "  of  motor  co-ordination,  (5)  amount 
and  character  of  involuntary  movement.  The  apparatus  used 
in  the  determination  of  these  points  will  be  described  in  detail 
later.  The  tests  were  designed  to  include  the  most  important 
factors  in  motor  ability,  excellence  in  motor  ability  being  meas- 
ured by  the  strength,  accuracy,  rapidit}',  and  steadiness  of  vol- 
untary movement,  accompanied  by  a  minimum  of  involuntary 
movement. 

{b)  Mental.  The  experimental  sources  of  the  data  on  men- 
tal efficiency  consisted  of  various  types  of  reaction  times  as  rep- 
resenting quantitatively  the  mental  ability  of  the  subject,  men- 
tal excellence  being  represented  by  the  alertness  of  the  mind  in 
reacting  appropriately  to  given  stimuli.  These  tests,  which 
form  an  entirely  independent  study,  were  conducted  by  Miss 
Agnes  Chapman,  of  the  University  of  Wisconsin,  as  the  basis 
for  a  baccalaureate  thesis. 

B.     The  Non-experimental  Sources. 

{a)  Motor.  The  teachers  in  charge  of  the  various  pupils 
tested  gave  an  estimate  of  the  motor  ability  of  the  pupils  as  they 
had  observ^ed  it  in  the  process  of  the  school  work.  The  pupils 
were  classed  as  "  very  clever, "  "clever,"  "medium,"  "awk- 
ward," and  "very  awkward."  These  terms  were  later  trans- 
lated into  numerical  symbols  for  convenience  of  manipulation. 

(/^)  Mental.  The  mental  data  of  a  non-experimental  type 
were  derived  in  two  ways.  ( i )  From  class-standings,  as  recorded 
in  the  school  registers:  the  purel}'  motor  studies — writing  and 
drawing — were  eliminated,  and  the  remaining  standings  aver- 
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aged  upon  a  scale  of  loo  as  numerical  criteria  of  mental  ability. 
(2)  In  order  to  eliminate  the  error  that  might  arise  from  dif- 
ferences in  standards  used  in  marking  by  the  several  teachers, 
the  estimates  of  the  latter  were  again  recorded, — this  time  the 
estimate  of  mental  ability  (independent  of  class  records)  being 
taken. 

C.     Auxiliary'  Data. 

(a)  Personal.  The  name,  age,  and  grade  of  each  pupil  tested 
were  recorded  and  spread  upon  the  records  of  the  tests  together 
with  the  experimental  data. 

((^)  Anthropoynctric.  As  material  for  possible  correlations  the 
following  facts  concerning  each  subject  were  recorded:  weight 
in  kg.,  height  in  mm.,  breadth  of  the  head  and  length  of  the 
head, — taken  at  the  usual  points, — both  in  mm. 

§  3.     Apparatus  and  Method. 

Professor  Jastrow's  card-sorting  apparatus  was  used  in  obtain- 
ing the  reaction-times  of  the  pupils.  It  will  be  found  fully 
described,  both  as  to  structure  and  use,  in  the  report  of  the 
American  Psychological  Association  for  1897. 

Following  are  brief  descriptions  of  the  various  pieces  of  appa- 
ratus used  in  the  motor  tests,  and  of  the  methods  employed:^ 

(a)  The  Test  for  Strength. 

(i)  Apparatus.  For  this  test  a  dynamometer  of  a  peculiar  type  was 
constructed.  To  the  side  of  a  fixed  rectangular  wooden  frame,  stand- 
ing about  55  cm.  from  the  floor,  a  spring  balance  was  attached.  An 
upward  pull  on  the  lower  of  a  pair  of  grip-handles  was  transmitted  by 
a  lever  movement  to  the  spring  of  the  balance;  This  balance  was  fitted 
with  the  usual  recording  scale;  but  in  order  to  render  the  readings 
more  exact  the  scale  was  discarded  in  practice,  and  its  pointer  used  to 
move  an  arm  10  cm.  long,  so  fixed  upon  a  pivot  that  the  free  end 
described  an  arc  of  sufficient  amplitude  to  admit  of  small  graduations. 
The  scale  was  then  determined  empirically,  and  graduated  in  kg. 

(2)  Method.  The  grip-handles  were  adjusted  by  thumb-screws  to  the 
desired  distance  (which,  of  course,  varied  with  the  size  of  the  subject's 
hand);  the  height  of  the  standard  was  not  adjustable,  but  two  small 
movable  platforms  rendered  the  apparatus  available  for  subjects  of  all 
heights.  Each  subject  was  given  three  trials,  being  directed  each  time 
to  grip  the  handles  as  tightly  as  possible  with  the  right  hand.  The 
readings  were  recorded  and  averaged. 

(6)  The  Test  for  Rapidity  of  Movement. 

(i)  Apparatus.  "Trilling"  a  Morse  key  with  the  right  forefinger 
was  the  test  used  to  determine  rapidity.  The  key  was  connected  (a) 
with  a  dry  battery  of  two  cells,  and  (b^  with  an  automatic  recorder. 
The  entire  apparatus  was  securely  fastened  to  a  board  (37.5  cm.  square) 
which  was  placed  on  a  table  of  the  size  used  in  the  kindergarten. 

(2)  Method.  The  subject  was  seated  before  the  table  and  directed 
to  "  trill  "  the  key  as  rapidly  as  possible.  As  soon  as  the  subject  was 
able  to  manipulate  the  key  readily,  the  operator  switched  in  the  cur- 
rent which  started  the  recorder.  The  current  was  kept  on  for  10  seconds, 

1  The  interested  reader  may  be  referred  to  the  discussion  of  apparatus  in  the 
course  of  a  study  on  a'  topic  related  to  the  present,  by  W.  X,.  Bryan,  Amer.  Jour,  of 
Psych.,  V,  pp.  125-204. 
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at  the  end  of  whicli  time  the  operator  opened  the  switch,  the  subject 
continuing  to  operate  the  key  for  a  few  seconds  after  the  current  had 
been  shut  off.  Three  successive  records  were  taken  in  this  way,  and 
the  results  averaged. 

{c)  The  Test  for  "  Steadiness  "  of  Motor  Co-ordination. 

(i)  Apparatus.  For  this  test  a  complicated  scroll-plate  was  devised. 
A  thin  sheet  of  tin-foil  was  carefully  smoothed  out  and  waxed  upon  a 
piece  of  plate  glass.  Upou  this  foil  a  scroll  diagram  was  first  traced 
out  and  then  cut,  leaving  a  slit  i  mm.  wide.  This  slit  was  continuous 
through  all  the  complications  of  the  scroll,  but  for  convenience  its 
course  was  divided  into  four  sections,  each  representing  a  peculiar  type 
of  movement.  The  positive  pole  of  the  battery  was  connected  with  the 
edge  of  the  foil,  the  uegative  pole  with  a  tracing  needle  made  by  insert- 
ing a  sewing  needle  into  the  end  of  a  pencil  holder  and  connecting  it 
with  the  battery  by  means  of  a  fine  wire. 

(2)  Method.  The  scroll-plate  was  fastened  upon  the  board  used  in 
the  rapidity  test,  the  subject  was  seated  before  it,  given  the  pen,  and 
directed  to  trace  the  pattern,  being  cautioned  that  he  was  to  keep  to 
the  middle  of  the  slit,  every  failure  to  keep  away  from  the  foil  being 
recorded  by  a  tap  of  an  electric  bell  which  was  thrown  into  the  circuit. 
The  taps  of  the  bell  were  recorded  for  each  section  of  the  scroll,  as 
well  as  the  time  for  each  section,  the  total  uumber  of  taps,  and  the 
total  time. 

(flf)  The  Test  for  Accuracy  and  Constancy  of  Voluntary  Movements^ 

(i)  Apparatus.  This  test  was  made  by  a  recording  target  (30x30 
cm.)  mounted  upon  a  table  (like  the  one  used  in  the  last  two  tests), 
the  target  being  inclined  backward  to  make  an  angle  of  45°  with  the 
table-top.  The  target  consisted  of  a  wooden  frame  with  a  solid  back, 
the  frame  being  fastened  to  the  back  by  means  of  hinges.  Into  this 
frame  a  sheet  of  paper  was  inserted  having  marked  upon  its  center  a 
black  bull's  eve  10  mm.  in  diameter.  Behind  this  were  a  sheet  of  car- 
bon paper  and  a  sheet  of  record  paper  upon  which  the  impressions  were 
preserved. 

(2)  Method.  The  subject  was  placed  two  m.  away,  facing  the  target, 
and  was  prevented  from  approaching  nearer  by  a  movable  upright. 
He  was  given  ten  marbles  and  directed  to  toss  them,  one  at  a  time, — 
attempting  to  strike  the  bull's  eye  at  each  trial.  After  the  ten  marbles 
had  been  tossed  the  sheet  was  removed  (after  first  receiving  the  im- 
pression of  the  bull's  eye  for  reference  in  later  measurements).  This 
process  was  twice  repeated,  making  three  records  in  all. 

These  records  were  treated  in  two  ways.  In  the  first  place  the  dis- 
tance of  each  impression  from  the  center  was  measured  in  mm.  for  the 
determination  of  the  constant  error  of  each  sheet.  The  constant  errors 
of  the  three  sheets  belonging  to  each  subject  were  then  averaged,  and 
the  result  recorded  as  an  index  of  motor  accuracy.  Then  the  aver- 
age error  was  com.puted  (per  cent.)  for  each  sheet,  the  three  percent- 
ages of  each  subject  being  again  averaged  as  an  index  of  constancy  of 
movement. 

(<f)  The  Test  for  Amplitude  of  Involuntar}'  Movement. 

(i)  Apparatus.  The  apparatus  used  for  determining  the  amplitude 
of  involuntary  movement  was  the  automatograph  designed  by  Professor 
Jastrow  and  known  by  his  name.  A  full  description  will  be  found  in 
the  American  Jouryial  of  Psychology,  Vol.  IV,  pp.  398-407. 

(2)  Method.  The  automatograph  was  placed  upon  the  table,  the 
subject  being  directed  to  stand  before  it  in  such  a  position  that  the 
median  plane  of  his  body  made  an  angle  of  45**  with  the  edge  of  the 
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automatograph  opposite  the  recording  pencil.  The  attention  of  the 
subject  was  then  concentrated  upon  a  uietrouome  placed  upon  a  table 
two  ni.  in  front  of  him.  This  metronome  was  set  at  120  beats  per 
minute,  and  the  subject  was  directed  to  count  the  beats  up  to  120,  rais- 
ing his  right  hand  and  resting  it,  tips  of  the  fingers  down,  upon  the 
upper  plate  of  the  automatograph,  when  he  began  to  count.  At  the 
same  time  the  operator  dropped  the  pencil  upon  the  recording  plate, 
leaving  it  there  until  the  subject  had  completed  the  counting.  Three 
records  of  this  kind  were  taken.  The  total  amplitude  of  movement  was 
measured  upon  each  record  by  means  of  a  sliding  compass,  the  aver- 
age of  the  three  record-amplitudes  thus  obtained  being  taken  as  an 
inverse  index  of  the  subject's  excellence  in  the  test.  While  every  pre- 
caution was  taken  to  make  these  measurements  as  exact  as  possible, 
they  must  still  be  interpreted  rather  as  approximations  than  as  exact 
determinations. 

§  4.     Results. 

The  tests  were  begun  December  13,  1897,  ^t  the  Fifth  Ward 
School,  in  Madison,  and  continued  daily  (during  the  school  ses- 
sions) until  the  first  of  May,  1898.  Each  test  occupied  from 
twenty-five  to  forty-five  minutes,  the  average  being  about  thirty- 
five  minutes.  In  all  one  hundred  and  sixty  tests  were  made  for 
motor  ability,  and  one  hundred  and  seventy-five  for  mental 
ability  (reaction-times).  Of  these  two  series  of  tests  one  hun- 
dred and  ten  were  upon  the  same  pupils.  For  both  tests  addi- 
tional data  were  collected  from  the  school  records  and  from  the 
teachers'  estimates  as  described  above,  but  only  for  those  who 
underwent  the  motor  tests  were  anthropometric  data  tabulated. 

Method  of  Tt eating  the  Data.  The  entire  '  motor, '  '  personal ' 
and  '  anthropometric '  data  were  spread  upon  four  large  sheets 
of  ruled  paper.  In  this  way  the  material- was  arranged  in  such 
a  manner  as  to  render  it  easy  of  manipulation.  To  the  data  thus 
arranged  were  added  from  time  to  time  the  class  standings  of 
the  subjects  as  obtained  from  the  teachers'  registers  and  the 
teachers'  estimates  of  mental  and  motor  ability  as  translated 
into  numerical  terms,  together  with  the  "indices"  (to  be 
described  later)  of  the  mental  alertness  and  motor  ability  of  each 
subject  as  gained  from  the  tests  upon  reaction-times,  and  from 
the  motor  tests. 

The  data  as  thus  arranged  were  first  examined  with  a  view 
to  determine  general  relations.  The  various  columns  were 
averaged,  and  from  these  averages  curves  of  distribution  were 
plotted. 

Aside  from  this  general  treatment  special  correlations  were 
made  in  the  following  manner. 

The  quantitative  results  of  each  important  test  were  divided 
into  five  classes  of  thirty-two  subjects  each,  the  thirty-two  hav- 
ing the  highest  records  in  each  case  being  placed  in  the  first 
class  (designated  Class  AA),  the  thirty-two  having  the  lowest 
being  grouped  in  the  last  class  (Class  XX),  while  the  remain- 
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ing  ninety-six  were  similarly  grouped  into  three  intermediate 
classes  (Classes  A,  M  and  X)  in  the  order  of  their  excellence. 
The  data  as  arranged  in  this  way  for  each  test  were  spread  upon 
separate  sheets  (one  sheet  for  each  class),  and  upon  these  same 
sheets  were  also  placed  the  remaining  data — mental,  motor,  per- 
sonal, or  anthropometric — which  we  wished  to  correlate  with 
the  given  test,  each  line  of  figures  across  the  page  representing 
the  results  given  by  the  same  subject  in  the  various  tests.  The 
vertical  columns  were  then  averaged,  and  a  single  correlation 
was  completed. 

An  example  of  the  process  may  make  it  clearer.  We  will  suppose 
the  results  of  the  dynamometer  test  to  have  been  arranged  in  five  groups 
as  just  described.  It  is  desired  to  correlate  with  this  dynamometer 
test  the  standing  obtained  from  the  school  registers.  Along  with  the 
transfer  of  the  dynamometer  standings  from  the  general  sheet  to  the 
correlation  sheet,  the  class  standings  are  also  transferred,  the  dyna- 
mometer record  of  each  pupil  being  placed  upon  its  appropriate  sheet 
and  the  class  standing  of  the  subject  represented  being  placed  in  an 
adjacent  column.  When  the  vertical  columns  are  averaged,  the  gen- 
eral average  dynamometer  standing  of  the  thirty-two  subjects  who 
were  the  best  in  the  test  is  shown,  and  beside  it  is  the  average  class 
standing  of  these  thirty-two  best  dynamometer  subjects.  By  this  means, 
after  averaging  the  remaining  sheets  in  the  same  way,  we  arrive  at 
what  we  may  term  a  single  or  simple  correlation,  that  is,  a  correlation 
of  five  groups,  of  a  more  or  less  uniformly  varying  scale  of  excellence 
in  the  given  test, with  the  average  class  standings  of  these  same  groups. 
From  this  a  curve  ma}^  be  plotted,  the  five  averages  of  the  correlating 
test  being  the  five  points  of  the  curve  as  measured  from  one  co-ordinate 
in  terms  of  the  five  averages  of  the  data  with  which  the  given  test  is 
correlated. 

This  method  may  be  complicated  by  the  following  process. 
After  making  a  simple  correlation  as  above,  arrange  the  data 
which  have  been  correlated  with  the  given  test  in  five  similar 
groups  of  thirty-two  subjects  each,  arranged  in  the  order  of  ex- 
cellence as  represented  by  these  data. 

To  continue  the  above  instance.  If,  after  correlating  the  dynamom- 
eter test  with  the  class  standings  singly  as  was  described,  it  is  wished 
to  make  a  double  correlation,  the  class  standings  may  be  arranged  in 
five  classes  according  to  their  degrees  of  excellence.  Beside  each  sub- 
ject's class  standing,  his  dynamometer  test  may  be  recorded.  These 
sheets,  averaged  as  before,  will  give  the  average  dynamometer  results 
for  each  group  of  subjects  arranged  in  order  of  class  standings.  If  a 
curve  is  plotted  from  this  latter  correlation  upon  the  same  co-ordinates 
as  the  curve  of  the  former  correlation,  and  if  care  is  taken  to  have  the 
order  of  excellence  in  each  case  proceed  from  left  to  right  upon  the 
abscissa,  and  from  below  upward  upon  the  ordinate,  the  following  con- 
ditions may  be  observed  : 

(i)  If  the  two  curves  have  a  general  N.  E.  (northeasterly)  direction 
(z.  e.,  from  the  meeting  point  of  the  co-ordinates  to  the  upper  right 
hand  corner  of  the  cross-section  sheet),  the  correlation  is  direct ;  i.  e., 
the  order  of  excellence  in  the  one  case  bears  a  direct  relation  to  the 
order  of  excellence  in  the  other  case. 

(2)  If  the  curves  have  a  general  S.  E.  (southeasterly)  direction,  the 
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correlation  is  antagonistic,  i.  e.,  the  order  of  excellence  in  the  one  case 
bears  an  inverse  relation  to  the  order  of  excellence  in  the  other  case. 

(3)  If  the  curves  cross  each  other  at  right  angles,  the  correlation  is 
indifferent,  the  degree  of  indifference  depending  upon  the  degree  to 
which  the  angle  approaches  90". 

It  may  be  well  to  add  that  these  conclusions  can  be  reached 
less  satisfactorily  from  the  single  correlations,  the  general  direc- 
tion of  the  single  curve  giving  some  index  as  to  the  character 
of  the  correlation, — always  providing  that  the  order  of  excel- 
lence is  as  described  above. 

The  Motor  and  Mental  Indices.  The  terms  "motor  index" 
and  "mental  index"  appear  in  several  places  in  the  Tables. 
The  motor  indices  were  derived  as  follows:  The  results  of  each 
test  were  arranged  in  the  precise  order  of  their  excellence;  the 
highest  was  then  given  an  arbitrary  value,  999,  the  others  were 
given  values  in  order  down  to  840  (which  exhausted  the  160 
subjects).  The  process  was  completed  for  five  tests,  viz.,  the 
tests  for  rapidity,  accuracy  and  steadiness  of  voluntary  move- 
ment, the  test  for  strength,  and  the  test  for  amplitude  of  invol- 
untary movement.  Then  these  five  motor  standings  of  each 
subject  were  averaged,  and  an  arbitrary  symbol  was  obtained 
which  represented  the  motor  ability  of  each  subject.  This  was 
called  the  motor  index.  Proceeding  in  the  same  general  way 
we  obtained  a  mental  index  from  the  mental  tests  and  from  the 
class-records.  This  mental  index  was  taken  to  represent  men- 
tal alertness,  the  handling  time  involved  in  the  reaction  experi- 
ments having  been  determined  and  eliminated. 

The  Teachers'  Estimates.  These  were  translated  into  numer- 
ical terms  according  to  the  following  scheme.  Motor  ability: 
very  clever,  5;  clever,  4;  medium,  3;  awkward,  2;  very  awk- 
ward, I.  Mental  ability:  very  bright,  5;  bright,  4;  medium,  3; 
dull,  2;  very  dull,  i. 

§  5.     Interpretations  and  Conclusions. 

(a)  Comparisons  of  the  various  Motor  Tests  with  the  Class 
Standings.     Double  correlations. 

In  the  following  Tables  the  data  mentioned  first  form  the  criteria  for 
the  division  into  the  classes, — AA,  A,  M,  X  and  XX.  That  is,  in  the 
first  part  of  the  following  Table  the  class  AA  represents  the  thirty -two 
subjects  who  stood  highest  in  the  test  for  strength ;  the  average  of  the 
class  standings  of  these  thirty-two  is  given  directly  below  the  figures 
which  indicate  the  number  of  kg.  which  they  registered  on  the  dyna- 
mometer. In  the  second  part  of  the  Table  the  class  AA  represents  the 
thirty-two  who  had  the  highest  class  standings.  The  average  dyna- 
mometer '  pull '  of  these  thirty-two  is  placed  directly  below  their  aver- 
age class  standing. 
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Table  I. 

Correlation  of  the  Test  for  Strength  and  Class  Standings. 

Class.  AA.  A.  M.  X.  XX. 

Dynamometer,  33.0  25.9  22.0  18.0  13. i 

Standings,  75.4  80.0  83.97  85.71  82.92 

Standings,  92.7  85.7  83.0  74.0  67.9 

Dynamometer,  21.3  19.7  22.3  24.7  25.8 

The  above  Table  shows  a  decidedly  inverse  relation  between 
mental  ability,  as  indicated  by  class  standings,  and  motor  ability, 
as  indicated  by  the  dynamometer  records. 


Table  II. 

Correlation 

0/  the  Test  for  Rapidity  of  Voluntary  Movement  and 
Class  Standings. 

Class. 
'Trilling,' 
Standings, 

AA. 

65-51 
80.31 

A. 
56.96 
82.18 

M. 

53-89 
85.90 

X.                 XX. 

48.42       40.33 

79-39          79-30 

Standings 
'Trilling,' 

92.7 

52.3 

87.5 
50-7 

83.0 
53-4 

74.0            67.9 
51-6            53-6 

This  Table,  in  both  its  parts,  .is  not  conclusive.  If  the  curve 
were  plotted  it  would  be  '  indifferent.' 

Table  III. 

Correlation  of  the  Test  for  Steadiness  of  Voluntary  Movement  and 
Class  Standings. 
Class.  AA.  A. 

'  Tracing '  Errors,  68.6  115.28 

Standings,  78.1  81.44 

Standings,  82.7  87.5 

'  Tracing '  Errors,  164.8  1450 

A  curve  plotted  from  Table  III  would  show  a  decidedly 
inverse  relation  between  mental  ability,  as  indicated  by  class 
standings,  and  motor  ability,  as  indicated  by  the  tracing  test. 


M. 

X. 

XX. 

145-5 
77-1 

176.7 
82.45 

229.2 

90.88 

83.0 
133-1 

74-0 
135 -I 

67.9 
136.3 

Table  IV. 

Correlation  of  the  Test  for  Accuracy  of  Voluntary 
Class  Standings. 

Movement  and 

Class.                                   AA.                 A. 

M. 

X.                   XX. 

'  Target '  Test,                       74.2            99.3 
Class  Standings,                   78.2            78.5 

112. 2 

84-3 

127.7  149.0 
81.8         83.9 

Standings,                               92.7            87.5 
'Target' Test,                      113-I           116. 2 

83.0 
108.4 

74.0         67.9 

95-9          102.5 

This  Table,  like  the  preceding,  shows  a  predominantly  inverse 
relation  between  motor  ability  and  mental  efficiency.  The  curve 
which  might  be  plotted  from  it  would,  however,  be  less  uniform 
than  that  of  Table  III. 
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Table  V. 

Correlation  of  the  Test  for  Amplitude  of  Involuntary  Movement  and 

Class  Standings. 

Class.  AA.  A.  M.  X.  XX. 

Automatograph,  46.3  69.9  86.9  98.9  137-9 

Standings,  81.8  81.9  81.4  82.5  79.0 

Standings,  92.7  87.5  83.0  74.0  67.9 

Automatograph,  86.0  83.2  93.4  83.6  82.8 

The  curve  from  Table  V  would  probably  be  classed  as  '  indif- 
ferent,' although  it  would  show  a  very  slight  tendency  toward 
the  '  direct '  relationship. 

Table  VI. 

Correlation  of  the  Test  for  Constancy  of  Voluntary  Movement  and 
Class  Standings. 

Class.  AA.  A.  M.  X.  XX. 

Constancy  Index,  29.12  34.3  39.7  42.8  51.7 

Standings,  81.51  85.03  76.73  83.50  81.6 

Standings,  92.7  87.5  83.0  74.0  67.9 

Constancy  Index,  40.5  40.3  39.5  41.8  38.9 

The  curve  for  Table  VI  would  be  rather  less  '  indifferent ' 
than  the  curve  for  Table  V,  and  the  tendency  would  be  toward 
an  '  inverse  '  relation. 

Table  VII. 
Correlation  of  the  General  Motor  Index  and  Class  Standings. 


Class. 
Motor  Index, 
Standings, 

AA. 
961.8 

77.8 

A. 

938.3 
80.0 

M. 

924-3 
83.6 

X. 

909.0 
83.8 

XX. 

881.9 

84.7 

Standings, 
Motor  Index, 

92.7 
917.2 

87-5 
907.1 

83-0 
922.8 

74.0 
931.0 

67.9 
931-05 

In  this  Table  the  individual  discrepancies  of  the  preceding 
Tables  are  eliminated,  and  the  curve  would  show  a  very  marked 
inverse  relation  between  motor  ability,  as  represented  by  the 
various  tests,  and  mental  efficiency,  as  represented  by  the  class 
standings. 

(J))  Comparisons  of  the  Teachers'  Estimates  of  Mental  Ability 
with  Class  Standings  and  with  the  Motor  Index. 

Table  VIII. 

Correlatio7i  of  Teachers^  Estimates  of  Mental  Ability  and  Class 
Standings. 

Class.  aa.  a.  m.  X.  XX. 

Estimates,  4.62  4.0  3.16  2.87  1.59 

Standings,  90.5  86.28  77.0  82.43  71.9 

This  single  correlation  indicates  that  there  is  no  appreciable 
discrepancy  between  the  teachers'  estimates  of  mental  ability 
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and  the  values  taken  from  the  class  records  as  representing  men- 
tal ability. 

TABI.E  IX. 

Correlation  of  the  Teachers'  Estimates  of  Mental  Ability  and  the 
Motor  Index. 


Class. 

AA. 

A. 

M. 

X. 

XX. 

Motor  Index, 
Estimates, 

961.8 
3-32 

938.3 
3-15 

924-3 
3-46 

909.0 
336 

881.9 

3-34 

Estimates, 
Motor  Index, 

4.62 
908.0 

4.0 
924.4 

3-16 
901.6 

2.87 
913-3 

1-59 
926.8 

While  this  Table  lacks  the  uniformity  of  Table  VII,  the  inverse 
relation  is  more  than  indicated. 

{c)  Comparison  of  Reaction  Times  with  Class  Standings  and 
with  the  Motor  Index. 

Table  X. 

Correlation  of  Reaction  Times  and  Class  Standings. 

Class.  AA.  A.  M.  X.  XX. 

Reaction  Times,  13.5  15.7  17. i  19.0  22.7 

Standings,  78.8  82.2  80.6  82.3  77.3 

This  Table  shows  a  di.screpancy  between  the  indices  of  men- 
tal ability  as  represented  by  class  standings  and  by  reaction 
times.  The  relation,  however,  is  not  inverse,  but  rather  indif- 
ferent, the  children  whose  reaction  times  are  nearest  the  norm 
having  the  best  class  standings,  while  those  who  are  particu- 
larly alert  and  those  who  are  particularly  slow  in  reaction  are 
alike  deficient  in  mental  efficiency  as  represented  by  the  class 
standings. 

TABI.K  XI. 

Correlation  of  Reaction  Tim.es  and  Motor  Index. 

Class.  aa.  a.  M.  X.  XX. 

Reaction  Times,  13.5  15.7  17. i  19  o  22.7 

Motor  Index,  928.6  930.9  935-2  928.6  935-2 

Table  XI,  like  Table  X,  is  inconclusive,  but  shows  a  ten- 
dency toward  an  inverse  relation  between  mental  ability,  as 
represented  by  reaction  times,  and  motor  ability,  as  represented 
by  the  motor  index. 

(^)  The  Elimination  of  the  Age  Factor. 

In  the  above  determinations  the  tendency  toward  an  inverse 
relation  between  mental  and  motor  ability  is  quite  decided,  even 
when  mental  ability  is  represented  by  two  values  as  indifferent 
as  regards  each  other  as  are  the  reaction  times  and  the  class 
standings.  The  factor  of  age,  however,  has  not  been  consid- 
ered, and  it  might  very  well  be  possible  that  this  variable  fac- 
tor would  compensate  the  differences  which  we  have  found.  The 
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results  which  were  obtained  demonstrated  conclusively  that 
general  motor  ability  increased  with  growth,  but  the  rela- 
tion between  growth  and  mental  ability  was  not  so  clearly 
shown.  There  is  no  alternative,  therefore,  but  to  eliminate 
in  one  way  or  another  the  factor  of  age.  To  do  this  the 
following  course  was  pursued.  The  subjects  were  divided 
into  five  groups  of  thirty-two  each  upon  the  basis  of  age, 
the  thirty-two  oldest  subjects  being  placed  in  Class  AA, 
the  thirty-two  youngest  in  Class  XX,  and  the  remainder 
divided  between  Classes  A,  M  and  X  in  the  order  of  age. 
Each  of  these  classes  was  then  treated  exactly  as  the  entire 
one  hundred  and  sixty  subjects  were  treated  in  the  first  in- 
stance, except  that  each  was  divided  into  four  classes  of  eight 
subjects  each,  instead  of  into  five  classes  of  forty  subjects  each. 
The  principle  of  division  varied  according  to  the  information 
which  was  desired.  Each  Class  (AA,  A,  M,  X,  and  XX)  was, 
for  example,  divided  into  groups  of  eight  with  regard  to  the 
motor  index,  or  with  regard  to  weight,  or  with  regard  to  mental 
ability.  In  the  last  named  case  a  slight  departure  was  made 
from  the  former  treatment.  A  '  mental  index  '  was  established 
for  each  subject  in  exactly  the  same  way  that  the  motor  index 
had  been  established,  except  that  only  the  class  standings  and 
the  reaction  times  were  used  in  the  determination.  By  the  aid 
of  these  mental  and  motor  indices  the  comparison  of  mental 
ability  and  motor  ability  can  be  made  with  much  more  nicety 
than  was  possible  under  the  former  procedure. 

Table  XII. 
Comparison  of  Mental  and  Motor  Ability  with  Age  Factor  eliminated. 


Range 

of 
Age. 

Av'age 
Age. 

Class  AA. 
(Best  Average 
Motor  Index.) 

Class  A. 
(2nd  best  Av. 
Motor  Index.) 

Class  X. 
(3rd  best  Av. 
Motor  Index.) 

Class  XX. 

(Lowest  Av. 

Motor  Index.) 

Motor 
Index. 

Mental 
Index. 

Motor 
Index. 

Mental 
Index. 

Motor 
Index. 

Mental 
Index. 

Motor 
Index. 

Mental 
Index. 

AA 

A 

M 

X 
XX 

14-17 
13-14 
12-13 
12-12 
8-II 

14-79 

13-7 

12.53 

12.0 

10.6 

962.1 
967.9 

943-3 
944-8 
926.5 

894.6 
903.6 

939-5 
952.2 

944-5 

941.2 
947-8 
921.0 

93I-I 
902.2 

894.7 
925-8 
927.6 
950.1 
948.3 

930-5 
935-2 
912.4 
912.8 
889.9 

927-3 
919.8 
921.2 

942.5 
958.0 

908.0 
899.6 
887.6 
881.4 
874-5 

929-3 
930.7 
901.6 

938.5 
934-2 

Aver 

ages. 

928.9 

906.8 

928.6 

909-3" 

916. 1 

933-7 

890.2 

926.8 

1st  half,  average  motor  index, 928.7 

"      "  "  mental     "  908.0 

2d  half,  average  motor  index, 903.x 

"      "  "         mental     "  930.2 

The  above  Table  shows  very  plainly  the  general  tendency 
toward  an  inverse  relation  between  mental  and  motor  ability. 
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But  it  also  shows  that  the  law — if  it  be  a  law — is  subject  to 
numerous  individual  variations;  and  the  discrepancies,  espe- 
cially in  Class  X,  indicate  that  at  certain  periods  of  growth  the 
relation  between  the  two  factors  may  be  quite  the  reverse  of  the 
relation  in  general. 
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This  Table  does  not  indicate  such  a  direct  relation  between 
weight  and  mental  ability  as  Porter  found  in  his  investiga- 
tions  upon   St.    Louis  school  children.      On  the  other  hand, 
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the  relation  between  weight  and  motor  abihty,  with  the  age 
factor  eliminated,  while  slightly  direct,  is  mainly  indifferent. 

(e)  Other  Correlations. 

The  correlations  which  have  been  given  above  did  not  exhaust 
the  data  collected.  Each  set  of  determinations — personal,  anthro- 
pometric, motor  and  mental — was  correlated  with  every  other 
set  of  determinations,  with  the  hope  of  discovering  some  uniform 
relation  between  the  various  factors.  To  present  the  complete 
Tables  exhibiting  these  correlations  would,  of  course,  be  quite 
out  of  the  question  within  the  limits  of  the  present  paper.  Some 
of  the  more  important  conclusions  are,  however,  indicated  in 
the  following  summary. 

Summary. 

1.  Under  the  conditions  of  the  investigation,  and  with  the 
children  that  were  tested,  there  is  a  general  inverse  relation 
between  motor  and  mental  ability;  those  who  are  the  '  brighter ' 
pupils  and  those  who  have  the  quicker  reaction  times  being,  as 
a  rule,  deficient  in  motor  ability,  while  those  who  are  best  devel- 
oped physically,  who  are  the  strongest,  who  have  developed 
motor  '  control '  to  the  greatest  extent,  are  generally  deficient  in 
mental  ability'.  This  rule,  however,  was  found,  with  the  children 
tested,  to  have  numerous  individual  exceptions,  and  a  varying 
validity  at  different  periods  of  development. 

2.  There  seems  to  be  little  direct  relation  between  mental 
ability  as  represented  by  reaction  times,  and  mental  ability  as 
represented  b}'  class  standings,  except  that  excellence  in  either 
of  these  directions  is  apt  to  be  accompanied  by  a  deficiency  in 
motor  ability. 

3.  There  is  a  gradual  increase  of  motor  ability  with  age.  The 
increase  in  mental  ability  is  not  so  well  marked. 

4.  In  general,  the  boys  slightly  surpass  the  girls  in  motor 
ability,  while  the  reverse  obtains  in  mental  ability. 

5.  Regarding  cranial  capacity  as  indicated  by  the  head  girths, 
we  notice  a  significant  trend  toward  an  inverse  relation  between 
mental  ability  and  head  girth. 


EXPERIMKNTAIv  STUDY  OF  THE  MENTAI,  PRO- 
CESSES OF  THE  RAT.     II. 


By  WiLi^ARD  S.  Small, 
Honorary  Fellow  in  Psychology,  Clark  University. 


The  present  paper,  which  supplements,  in  a  measure,  two 
former  papers,  (Am.  Jour.  Psy.  Vol.  XI,  Nos.  1,2),  presents 
in  detail  the  results  of  some  further  experimental  studies  upon 
the  mental  life  of  the  rat.  Primarily  a  study  in  method,  an 
attempt  to  observe  this  animal  under  approximately  experi- 
mental conditions,  the  methods  and  devices  have  worked  well 
enough  to  warrant  considerable  confidence  in  the  results,  and 
the  inferences  therefrom.  The  paper  describes  the  apparatus 
used  and  the  conditions  of  experiment,  gives  a  detailed  account 
of  a  typical  series  of  experiments,  compares  the  intelligence 
of  wild  rats  and  the  tame  white  rats  (same  variety)  upon  the 
basis  of  these  experiments,  discusses  briefl}'  the  general  form 
or  character  of  animal  intelligence,  and  makes  some  suggestions 
in  regard  to  the  mental  facts  involved  in  solving  the  problems 
set  in  the  tests.  It  is  not  in  any  sense  a  systematic  rat-psy- 
chology. 

Apparatus  and  Conditions  of  Experiments. 

The  aim  in  these  experiments,  as  indicated  above,  was  to 
make  observations  upon  the  free  expression  of  the  animal's 
mental  processes,  under  as  definitely  controlled  conditions  as 
possible;  and,  at  the  same  time,  to  minimize  the  inhibitive  influ- 
ence of  restraint,  confinement  and  unfamiliar  or  unnatural 
circumstances.  Fear,  which  in  lack  of  a  better  term,  may  be 
used  to  include  the  three  influences  just  noted,  and  too  great 
difficulties  are  the  things  most  rigorously  to  be  guarded  against. 
On  the  positive  side,  the  experiments  must  conform  to  the  psy- 
cho-biological character  of  an  animal  if  sane  results  are  to  be 
obtained.  This  is  not  the  same  thing  as  guarding  against  "  too 
great  difficulties."  The  difficulty  of  two  tasks,  judged  by 
their  complexity  and  the  quality  of  intelligence  necessary  for 
their  performance,  may  be  identical;  j-et  the  problem  involved 
in  the  one  may  be  so  different  from  that  in  the  other,  so  remote 
from  the  animal's  racial  experience  and  life  habits  as  to  be  ab- 
solutely outside  his  capabilities.  A  human  being  has  to  know 
how  the  elements  of  an  action  feel — or  better,  has  to  know  the 
feeling  of  the  elements — in  order  to  perform  the  action.     The 
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importance  of  these  characteristic  differences  is  obvious  enough 
where  structural  differences  provide  the  basis:  no  one  would 
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expect  a  buffalo  and  a  rabbit  to  do  the  same  things  in  the  same 
way.  No  less  important,  though  less  easy  to  define  and  des- 
ignate, are  the  specifically  psychic  traits  of  an  animal  which 
constitute  its  character,  and  which  depend  in  the  main  upon  its 
biological  conditions.  The  cat  and  the  rat  are  not  antithetical 
in  structure,  nor  do  they  differ  very  widely  in  degree  and  kind 
of  intelligence;  but  their  life  habits,  both  on  the  emotional  and 
the  intellectual  side,  present  an  effective  contrast.  The  cat, 
primarily  a  hunter,  is  bold,  independent,  and  aggressively  open; 
the  rat,  on  the  contrary,  primarily  the  hunted,  and  only  second- 
arily a  hunter,  is  timid  and  furtive.  His  timidity  is  comparable 
to  an  intellectual  obsession.  His  boldness  when  displayed  is 
impudent  and  half  apologetic,  never  self-contained  and  uncon- 
scious like  that  of  the  cat.  I  daily  see  this  matter  exemplified 
in  the  case  of  a  pet  rat  and  a  young  cat.  Though  the  rat  has 
compelled  the  cat  to  respect  his  rights,  the  characteristic  differ- 
ence of  mental  attitude  is  not  greatly  changed.^ 

Conforming  with  such  considerations,  appeal  was  made  to 
the  rat's  propensity  for  winding  passages.  A  recent  magazine 
article  upon  the  Kangaroo  Rat,  by  Mr.  Ernest  Seton  Thompson  * 
illustrates  well  the  radical  character  of  this  rodent  trait.  Mr. 
Thompson  gives  a  diagram  of  the  Kangaroo  Rat's  home-burrow, 
the  outline  of  which  bears  a  striking  resemblance  to  that  of  the 
apparatus  used  in  these  experiments.  It  suggests  that  the  ex- 
periments were  couched  in  a  familiar  language.  Not  onl)^  do 
they  conform  to  the  sensori-motor  experience  of  the  animals, 
but  the}'  also  fall  in  with  their  constructive  instinct  relative  to 
home  building. 

The  Hampton  Court  Maze*  served  as  model  for  the  apparatus. 
The  diagram  given  in  the  Encyclopedia  Britannica  was  cor- 
rected to  a  rectangular  form,  as  being  easier  of  construction. 
The  character  of  the  problem  was  not  affected.  Three  mazes 
were  made.  The  first  was  as  follows.  The  dimensions  were 
6  by  8  feet.  The  bottom  was  of  wood,  the  boards  being  fast- 
ened together  so  as  to  make  a  portable  whole  of  the  apparatus. 
All  the  rest:  top,  sides,  and  partitions  between  galleries  were  of 
wire  netting,  %  in.  mesh.  The  height  of  the  sides  was 
4  inches;  the  width  of  galleries,  the  same.  In  the  center 
was  a  large  open  space.  The  accompanying  diagram  gives  the 
ground  plan  of  the  maze.  The  entrance  is  marked  by  the 
figure  O.     Figures  z  to  7  indicate  seven   blind  alleys — seven 

^The  character  of  the  white  rat  is  modified  somewhat  by  its  imme- 
morial life  of  captivity,  but  less  than  might  be  supposed.  All  the 
primitive  traits  emerge  under  the  appropriate  conditions. 

^Scribner's  Magazine,  April,  1900. 

^Cf.  Ency.  Brit.  Art.  "Labyrinth." 
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possibilities  of  error.  Tt  will  be  observed  that  /  does  not  lead 
necessarily  into  the  cul-de-sac  ^,  but  does  inevitably  furnish  a 
chance  for  error.  The  letter  x  marks  a  dividing  of  the  wa5'S 
either  of  which,  however,  may  be  followed  without  completely 
losing  the  trail.  Certain  other  points  are  indicated  by  letters 
a,  b,  c,  etc.,  for  convenience  in  description.  C  stands  for  center. 
A  glance  at  the  maze  will  be  sufficient  to  convince  one  of 
the  difficulty  of  the  problem.  This  maze  is  designated  as 
Maze  I.  The  two  other  mazes  were  identical  with  this,  except 
that  they  were  made  throughout  of  wire  netting,  bottom  as 
well  as  top  and  sides.  The  apparatus  could  thus  be  reversed 
and  a  mirror  reproduction  of  the  original  form  could  be  obtained. 
In  use  they  were  fastened  temporarily  to  wooden  floors.  These 
mazes  will  be  spoken  of  as  II  and  III.  In  all  cases  the  mazes 
were  placed  upon  tables  2%  feet  above  the  floor.  The  floor  of 
the  maze  was  covered  with  sawdust.  This  was  renewed  when- 
ever a  new  rat  was  introduced. 

To  obviate  the  affective  disturbance  which  would  have  re- 
sulted from  change  of  conditions  just  prior  to  experiment,  as 
little  difference  as  possible  between  the  conditions  of  experiment 
and  of  ordinary  experience  was  allowed.  The  event  frequently 
justified  the  precaution.  The  rats  were  kept  in  an  ordinary 
observation  cage,^  a  well  ventilated  and  commodious  apartment, 
standing  flush  with  the  maze  at  O.  Back  of  the  cage,  upon 
the  same  table,  was  a  screen  completely  concealing  the  observer 
during  experimentation,  but  permitting  him  to  look  down  upon 
the  maze  and  mark  every  movement  of  the  rats.  When  ready 
for  experimenting,  the  sliding  glass  door  which  closed  the  pas- 
sage into  the  maze  was  lifted  by  means  of  a  pulley  connection 
running  over  the  screen.  This  door  always  opened  with 
slight  noise  and  friction.  Food  was  placed  in  the  central  en- 
closure. To  obtain  this,  the  rats  had  to  find  their  way  through 
the  tangled  maze.  They  were  kept  hungry  enough  so  that  they 
would  set  about  the  task  vigorously.  Experimenting  was  done 
in  the  evening  to  minimize  the  inflnence  of  distracting  noises. 

In  spite  of  these  precautions  there  was,  as  might  be  expected, 
some  lack  of  uniformity  in  the  results — so  much  has  to  be 
allowed  to  the  internal  conditions  and  to  individual  variation. 

As  a  beginning,  two  series  of  experiments  were  made;  one 
with  wild  brown  rats,  miis  decunianus;  the  other  with  white 
rats,  albinos  of  the  same  variety.  The  original  purpose  was  to 
use  the  wild  rats  exclusively;  but  the  difficulties  were  consid- 
erable, and  the  white  rats  were  found  to  serve  the  purposes  of 
experiment  quite  as  well  in  every  way.  In  all  the  experiments 
after  the  first  series  white  rats  were  used.  The  most  of  the  later 

'^Cf.  Am.  Jour.  Psy.,  X,  3,  p.  135. 
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experiments  were  made  to  determine  special  points,  and  will  be 
described  in  their  immediate  connections. 

As  before  stated,  the  rats  were  let  into  the  maze  at  the  time 
of  experiment  and  were  left  until  the  following  morning.  The 
entire  night  was  theirs  for  investigating  the  maze.  This  method 
excludes  the  possibility  of  a  quantitative  study,  and  intention- 
all}^  for  reasons  given  within. 

Description  of  Experiment. 

In  presenting  the  results  of  these  experiments  I  give  a  detailed 
account  of  a  typical  series,  following  this  with  explanatory  sug- 
gestions. The  conduct  of  the  rat  is  described  as  it  was  minutely 
recorded  at  the  time  of  observation.  This  is  supplemented  in 
passing  by  comparison  with  other  experiments  and  by  details 
taken  from  them.  This  plan  of  presentation  has  the  advantage 
of  exhibiting  in  detail  the  method  of  animal  intelligence  in  actual 
operation, — it  is  analogous  with  vital  staining  in  histology — 
rather  than  in  figuring  its  general  form  as  could  be  done  by  the 
method  of  graphic  representation  in  curves.  Again,  in  view  of 
the  role  one's  own  prepossessions  and  limitations  are  bound  to 
play  in  interpretation,  it  will  be  an  advantage  for  the  reader  to 
know  the  observed  facts  upon  wliich  the  writer's  interpretations 
are  based.  I  readilj'  concede  that  my  facts  may  be  found  more 
valuable  than  my  inferences.  Be  that  as  it  ma}',  all  who  are 
interested  in  comparative  psychology  will  agree  that  careful  and 
impartial  description  of  the  objective  facts  of  animal  intelligence 
is  a  desideratum. 

I  have  selected  for  detailed  description  my  second  series  of 
experiments.  The  subjects  were  two  young  male  white  rats, 
about  3^  months  old.  The}^  were  perfectly  tame — pets  from 
birth. ^  Nine  experiments  were  made  at  intervals  of  two  days; 
and  a  tenth  after  a  lapse  of  three  weeks.  The  conditions  were 
the  same  as  with  the  wild  rats  of  the  first  series. 

Before  giving  this  detailed  description  I  wish  to  present  a 
brief  summary  of  the  observations  upon  the  wild  rats  in  series 
I,  in  order  to  make  clear  the  passing  comparison,  given  within, 
between  the  wild  and  the  tame  rats.  This  comparison  is  purely 
a  by-product  of  the  study — it  was  not  contemplated  at  all  in 
the  beginning — and  it  takes  us  a  little  out  of  the  straight  line 
of  exposition;  but  the  results  have  a  suggestive  value  sufl5cient 
to  warrant  the  delay. 

The  subjects  of  Series  I  were  three  adult  wild  rats — a  male 
and  two  females.  They  had  been  in  captivity  about  three 
months,  but  were  in  perfect  physical  condition.     No  particular 

iRats  A  and  B  of  Group  V,  reported  in  Anter.  Jour.  Psy.,  Vol.  XI, 
No.  2,  pp.  156  ff. 
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effort  had  been  made  to  tame  them  except  by  excluding  as  far 
as  possible  occasion  of  fright.  The\'  remained  so  wild,  however, 
as  to  necessitate  the  extreme  precautions  described  above. 

The  first  two  experiments  failed  of  definite  results  because 
of  imperfect  conditions.  The  rats  were  frightened  by  external 
disturbances,  so  that  the}'  failed  to  move  (Kxp.  i,)  for  more 
than  ID  m.,  and  did  not  reach  C  in  two  hours.  This  they  ac- 
complished during  the  night  in  each  case.  It  was  not  until 
Exp.  3  that  the  conditions  were  made  to  conform  perfectly  to 
the  description  above.  After  that,  observation  was  made  and 
results  recorded  more  satisfactorily.  The  influence  of  the  first 
two  trials  is  apparent  in  Exp.  3,  the  journey  being  made  in  15 
m.,  and  with  8  errors.^ 

In  this  experiment  and  in  all  succeeding  experiments  ot 
the  series  the  male  showed  striking  superiority  to  the  females. 
In  this  case  they  did  not  reach  C  until  15  m.  after  the 
male  —  indeed  they  did  not  leave  the  cage  till  after  he  had 
reached  C  and  was  well  on  his  way  back  to  the  cage.  He 
met  one  of  the  females  at  c.  Under  the  same  stress  of  hunger, 
they  exhibited  throughout  the  series  very  much  less  bold- 
ness and  initiative.  This  humbler  character  comes  out  again 
in  the  deference  the  females  showed  the  male.  Whenever 
he  was  monopolizing  the  food  they  would  make  furtive  at- 
temps  to  steal  the  prize,  or  approach  with  deprecating  squeaks 
as  if  begging  to  be  allowed  to  share.  On  several  occasions  I 
saw  him  chastise  a  female  severely  for  trying  to  get  the  food 
away.  The  females,  too,  were  less  apt  in  familiarizing  them- 
selves with  the  maze.  In  the  fifth  experiment,  I  observed  that 
they  showed  little  familiarity  or  assurance,  and  seemed  much 
more  disconcerted  than  the  male  when  they  got  into  a  blind 
alley.  The  male  died  after  Exp.  7,  but  even  after  that  the 
improvement  of  the  females  was  relatively  slow.  Four  more 
experiments  showed  slight  gain.  Their  timidity  seemed  to 
abate  but  little,  and  prevented  them  from  giving  full  attention 
to  the  problem. 

Eater  tests  with  male  and  female  white  rats  gave  the  same 
general  result,  though  the  difference  was  not  so  marked.  In 
only  one  case  out  of  ten  or  twelve  pairs  observed  did  the  female 
show  equal  initiative.  The  significance  of  this  is  not,  I  think, 
that  the  intelligence  of  the  males  is  higher  or  more  refined,  but, 
rather,  that  it  is  more  effectual  by  reason  of  being  less  subject 
to  affective  disturbances  and  inhibitions.  The  case  is  analogous 
with  a  point  made  latei  in  comparing  the  white  and  the  gray 
rats:  the  appearance  of  greater  intelligence  really  may  mean 

^  By  errors  I  mean  the  returns — e.  g.,  going  back  from  d  to  a — as  well 
as  the  positive  errors  of  following  wrong  paths. 
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nothing  more  than  that  one  animal  is  somewhat  more  energetic 
than  another,  moves  more  and  faster,  and  consequently  has 
more  chances  of  succeeding  in  a  trial  and  error  series. 

It  is  interesting  to  note,  also,  that  domestication  tends  to  re- 
duce this  disparity  between  the  sexes.  It  suggests  the  very 
live  question  whether  civilization,  which  is  a  kind  of  domestica- 
tion, operates  similarly  with  the  human  species.  Popular 
opinion  seems  to  lean  towards  the  aflBrmative;  and  we  find  ex- 
pression of  this  movement  of  the  social  mind  in  the  tendency  to 
identify  the  aims,  conquests,  and  education  of  the  sexes.  On 
the  other  hand  anthropologists  recognize  a  progressive  diflferen- 
tiatiou  of  the  sex  types,  physiologically  and  biologically.  Pos- 
sibly a  point  in  development  has  been  reached  where  psy- 
chological development  has  attained  a  greater  freedom  than 
heretofore  from  physiological  and  biological  determinants. 

But  to  return  from  this  digression.  The  male  (m)  showed 
the  influence  of  the  previous  experience  not  onl}-  in  the  reduc- 
tion of  time  and  errors,  but  also  manifestly  by  avoiding  several 
errors  and  by  hesitation  at  certain  points.  He  even  returned 
to  the  cage  without  any  mistakes.  In  some  parts  of  the  maze 
the  movement  had  some  definiteness,  but  generally  had  a  grop- 
ing appearance.  This  in  itself  is  significant,  suggesting  that 
already  he  passed  beyond  the  stage  of  purely  accidental  selec- 
tion, that  he  had  already  acquired  some  kind  of  recognition, 
however  vague,  of  rights  and  wrongs.  The  selection  of  paths 
begins  to  be  purposive.  In  the  four  succeeding  trials,  in  which 
this  rat  was  a  subject,  there  was  observable  a  constant  increase 
in  the  purposiveness  of  the  movements.  This  takes  the  form 
of  definiteness  and  speed  where  no  error  was  possible,  and  of 
doubt  and  indecision  where  there  was  choice  of  path.  The  in- 
decision tended  to  fade  away,  but  did  not  disappear  completely 
in  this  (too)  brief  series. 

If  the  matter  were  illustrated  graphically  by  curves,  we  should 
have  the  curve  of  speed  and  definiteness  beginning  with  a 
maximum  of  slowness  and  complete  indefiniteness,  and  sweep- 
ing down  gradually  to  relatively  perfect  definiteness  and  a 
minimum  of  time.  .  The  curve  of  choice,  on  the  contrary, 
would  begin  very  low,  rise  gradually  as  the  recognition  of 
critical  points  became  more  acute,  and  would  then  fall  grad- 
ually as  the  right  association  became  habitual. 

As  further  illustrative  of  this  increasing  purposiveness  I  note 
from  the  records  the  following  pertinent  observations.  In  Exp. 
4,  "one  could  not  fail  to  see  that  the  rat  was  trying  to  select 
his  path — there  seemed  to  be  some  kind  of  an  image  in  his 
mind  that  he  was  trying  to  follow.  The  first  time  he  came  to 
4.  he  hesitated,  then  went  wrong;  each  succeeding  time  he 
seemed   to  recognize  this  place,  for  he  went  by  confidently. 
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Indeed  after  the  first  time  arouud  he  seemed  sure  of  his  path 
beyond  this  point,  and  at  .y  visibly  accelerated  his  pace  each 
time."  In  Exp.  5,  he  made  fewer  errors,  and  recoiled  more 
quickly  from  an  error  when  made.  Movements  were  all  rapid, 
yet  cautious.  Again  made  ' '  the  error  at  /,  and  again  quickened 
his  pace  as  he  passed  it  the  second  time.  This  acceleration  was 
accompanied  by  a  flick  of  the  tail  and  a  general  abandon  that 
said,  'I've  struck  the  right  trail.'  "  The  movements  in  Kxp. 
6  "were  purposive.  He  apparently  knew  when  he  was  on  the 
right  and  when  on  the  wrong  road.  The  right  (latter)  half  of 
the  maze  seemed  better  in  mind  than  the  left;  before  reaching  ?« 
the  movements  were  cautious  and  uncertain — several  mistakes — 
but  beyond  ni,  they  were  rapid  and  .secure — no  mistakes." 
Exp.  7  gave  similar  results.^  There  is  little  rea.son  to  doubt 
that  a  few  more  trials  would  have  enabled  him  to  learn  the  way 
perfectly  as  did  the  white  rats  in  many  later  experiments. 

The  time  and  error  factors  of  the  five  experiments,  which 
were  accurately  recorded,  were  as  follows:"  III — 15,  8'.  IV — 
10,2'.  V— i^,  4'.  VI— 3,  4'.  VII— I,  3'.  It  will  be  seen 
that  the  relative  decrease  in  time  is  more  nearly  constant  than 
that  in  number  of  errors — e.  g.,  Exp.  ^,  which  required  10  m., 
gave  only  2  errors;  Exp.  7,  requiring  only  50  seconds,  gave  3 
errors.  Probably  the  small  number  of  errors  in  Exp.  d  is 
largely  accidental.  There  is  doubtless  a  somewhat  constant 
relation  between  knowledge  of  the  path  (indicated  by  relative 
number  of  errors)  and  the  time  required  to  traverse  it.  It 
must  be  remembered,  however,  that  organic  conditions  vary 
so  as  to  make  this  relation  practically  indemonstrable. 

In  this  series  of  experiments,  the  writer  failed  to  observe  any 
thing  that  would  indicate  that  the  sense  of  smell  played  an 
important  role  in  the  process  of  solving  the  problem,  at  least  so 
far  as  following  a  trail  is  concerned.  In  no  case  could  I  make 
out  that  the  male  followed  his  own  latest  track  or  the  females 
followed  the  track  of  the  male,  which  often  would  have  led 
them  almost  directly  to  the  goal.  All  later  experiments  con- 
firmed this  view.  The  evidence  is  given  in  detail  in  its  proper 
place  infra. 

It  should  be  remarked,  also,  that  the  females  gave  no  evidence 
of  intelligently  following  the  male,  when  by  doing  so  they 
might  have  gone  directly  to  C.  The  rats  passed  and  repassed  each 
other,  each  going  his  or  her  own  way.  Occasionally  one  would 
be  deflected  from  his  path  to  follow  another,  but  seldom  for  any 
considerable  distance.     This  same  independence  was  observed 

^Reason  for  discontinuance  was  death  of  the  rat — disease  unknown. 
2  Roman  numerals  indicate  the  experiment  number  ;  the  plain  Arabic, 
the  time  in  minutes  ;  the  accented  Arabic,  the  number  of  errors. 
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in  all  later  experiments,  so  that  I  think  imitation  even  in  its 
simplest  form^  cuts  a  very  insignificant  figure  in  this  matter. 

One  other  matter  of  interest  is  the  general  conduct  of  the  rats 
in  the  maze.  I  have  spoken  already  of  the  initial  timidity.  The 
manner  soon  became  more  confident,  aflfective  tension  was 
relaxed,  and  curiosity  and  the  play  instinct  were  unloosed.  In 
Exp.  J,  after  the  rat'''  had  eaten  and  drunk  a  little,  he  seemed 
to  become  thoroughly  happy,  and,  for  the  nonce,  quite  oblivious 
of  the  world  of  traps  and  snares.  He  alternately  ate,  drank,  and 
ran  curiously  about  the  maze,  investigating  all  the  passages  in 
a  sprightly  and  eager  manner.  In  Exp.  ^,  I  note  "the  rest- 
less curiosity  they  all  manifest  after  the  first  pangs  of  hunger 
are  appeased,  carefully  exploring  all  the  passages,  feeling  and 
sniflnug  along  the  sides  and  tops  and  into  all  the  angles  and  cor- 
ners. Their  conduct  impresses  one  strongly  as  being  the  expres- 
sion of  a  free  curiosity — a  fundamental  and  irreducible  desire  to 
know  all  this  new  environment.  It  has  not  at  all  the  appear- 
ance of  a  further  search  for  food,  but  rather  a  seeking  for  the 
feeling  of  security  and  at-homeness  attendant  upon  knowledge 
of  surroundings. 

I  pass  on  now  to  describe  in  detail  Series  II,  with  white  rats. 

Exp.  I.  y^.  13  m.  A  came  out  of  cage  2  m.  after  the  door  was 
opened.  A  few  steps  into  / — turned  and  forward  to  b — back,  end  of  i 
— into  cage — end  of  i — to  end  of  2  without  pause — into  j,  half  to  end — 
turned  and  forward  to  4 — a  few  steps  into  4 — turned,  foward  to  6 — a 
pause,  then  to  end  of  6 — out  and  back,  via  4,  n,  k,  x,  as  far  as  c.  A 
slight  pause,  then  forward  to  end  of  2  again — out,  and  a  few  steps  into 
J — back  and  thence  to  h,  pausing  a  moment  at  e  to  sniff  and  dig — back 
to  e — forward  continuously  to  end  of  7  (very  slowly  by  4,  as  if  having 
some  recognition  of  the  place,  sniffing  cautiously  from  side  to  side  of 
gallery) — back  to  6 — thence  forward  to  C. 

Rat  B  up  to  this  time  had  made  little  progress.  A  soon  came  out 
of  C,  and  for  15  m.  the  two  rats  ran  about  the  maze,  most  of  the  time 
in  the  circuit  immediately  around  the  center,  i.  e.,  z-k-x-k-n,  fag- 
ging back  and  forth,  digging  at  the  base  of  the  wall  and  biting  at  the 
wires — the  depth  of  stupidity,  one  would  say.  B  reached  C  15  m. 
later,  and  A,  a  second  time,  a  minute  later  than  B. 

It  is  well  briefly  to  notice  the  points  of  interest  presented  in  this 
first  experiment,  (i)  In  regard  to  timidity  they  presented  a  contrast 
with  the  wild  rats  of  the  preceding  series.  They  spent  little  or  no 
time  looking  and  listening.  Their  movements  were  free  and  uncon- 
strained. (2)  Their  movements  were  a  trifle  less  vigorous  than  those 
of  the  browu  male.  They  go  about  the  business  more  deliberately  ; 
their  movements  appear  less  automatic.  (3)  At  the  turns  in  the  road, 
the  rats  frequently  stopped,  as  if  in  doubt  which  way  to  go.  (4)  The 
meaning  of  the  sudden  stops  and  turns  is  not  very  intelligible.  A  rat 
going  at  a  good  pace  through  an  unobstructed  gallery  may  stop  sud- 
denly or  wheel  about  and  go  in  the  opposite  direction.  This  indecisive- 
ness  is  a  constant  trait  of  the  rat  character,  as  had  been  remarked  in 
all   my  preceding  observations  and   experiments.      Other  than    this 

^  Afner.Jour.  Psy.,  Vol.  XI,  No.  2,  p.  162. 

2 1  refer  solely  to  the  male  in  these  illustrative  examples. 
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flightiness  or  unstable  attention,  no  explanation  of  these  movements 
offers  itself.  I  do  not  regard  this  as  ultimate ;  but  for  the  present,  at 
least,  it  must  serve,  as  the  conditions  of  attention  are  not  apparent. 
(5)  The  fortuitousness  of  the  first  success  is  evident.  The  great  num- 
ber of  errors,  the  repetition  of  the  same  errors,  the  marching  and 
countermarching,  and  the  general  appearance  of  lostness  amounted 
to  a  demonstration  of  the  accidental  nature  of  this  first  success.  (6) 
It  appears  also  that  the  very  first  experience  was  little  profited  by.  It 
was  noted  that  A,  in  course  of  his  first  wandering  journey  to  C,  did 
seem  vaguely  to  recognize  the  locality  of  4  when  he  approached  it  the 
second  time — his  slow  and  cautious  movements  seeming  to  indicate 
that — and  there  was  a  suspicion  of  a  similar  recognition  at  3  ;  but  these 
were  the  only  suggestions  of  having  'profited  by  experience,'  and 
after  leaving  C,  A  wandered  just  as  blindly  as  B.  when  trying  to  re- 
turn. 

Most  of  these  points  will  come  up  for  consideration  in  the  fuller 
discussion  later  on. 

Exp.  2.  A,  3  m.  The  two  rats  kept  together  until  a' ,  having  gone 
to  the  end  of  /,  but  having  avoided  2  and  j.  B  paused  to  pick  up  a 
crumb.  A,  forward  without  pausing,  by  direct  path,  i.  e.,  x-m,  to  end 
of  6 — turned  instantly  and  went  like  a  flash  to  7 — thence  more  slowly 
to  C,  pausing  but  once  (to  eat  a  crumb)  on  the  way.  B,  after  eating 
his  crumb,  went  forward  slowly  and  carefully  to  end  of  6.  He  looked 
as  though  he  were  following  A' s  trail  by  scent.  Here  an  insane  sug- 
gestion seemed  to  grip  him  (there  was  no  external  occasion  for  fright)  ; 
he  wheeled,  made  a  wild  rush,  and  bit  up  at  h.  He  then  ran  about 
foolishly  for  15  m,  twice  going  again  to  the  end  of  6.  The  last  time, 
he  flashed  out  much  as  A  had  done,  not  pausing  until  r — thence  slowly, 
as  if  following  a  trail.  At  s,  A  and  B  met,  stopped  a  minute  to  play, 
then  each  went  his  own  way,  B  still  appearing  to  follow  the  trail. 

In  this  second  experiment  the  noticeable  things  are  the  immense 
improvement  shown  by  ^4,  and  the  appearance  of  "  trailing  "  by  .ff. 
Three  possible  explanations  of  A^s  improvement  suggest  themselves  : 
(i)  the  right  path  is  selected  by  sense  of  smell;  (2)  by  lucky  acci- 
dent; (3)  the  path  is  identified  by  other  means  than  smell.  A  fourth 
explanation  might  be  one  that  included  these  three  as  variable  factors. 
I  defer  discussion  of  this  point,  merely  indicating  that  I  do  not  regard 
the  first  factor  (smell)  as  important,  in  spite  of  the  presupposition  in 
its  favor,  and  apparent  following  of  the  trail  by  B,  noted  above. 

Exp.  J.  A,  4  m.  Distraction  on  part  of  the  rat  prevented  a  full 
record.  The  time  of  actual  performance  was  not  more  than  i^  m. 
For  the  other  2^  m.,  A' s  attention  was  directed  to  a  foreign  matter. 
On  the  whole,  however,  he  showed  more  familiarity  with  the  path, 
making  fewer  pauses,  and  moving  more  rapidly  and  securely. 

Exp.  4.  A,  i^i  m.  B,  a  few  seconds  longer.  A's  course:  End  of 
/ — forward  quickly  and  into  2 — stopped  at  last  turn  and  back,  seeming 
to  recognize  his  error  here — paused  at  j,  then  to  end  of  ihatcul  de  sac 
— turned  instantly,  and  ran  swiftly  and  continuously  to  4 — entered  4, 
going  slowly  around  circuit  «,  k,  x — paused  meditatively  at  x — then 
suddenly  started  on  a  quick  gallop,  accelerating  at  m  and  4,  and  not 
pausing  till  he  reached  C.  ^followed  about  the  same  course,  but  went 
less  quickly.  He  showed  less  the  appearance  of  "  trailing."  In  the 
case  of  both  rats,  something  very  like  disgust  was  manifest  when  they 
found  themselvesattheendof  ablindalley.  Theinstant recoil,  tlieswift 
retracing  of  their  steps,  and  the  decisiveness  with  which  they  turned 
from  the  blind  alley  into  the  right  path,  seldom  going  back  now  beyond 
the  entrance  to  the  cut  de  sac,  seemed  to  indicate  something  more  of 
mental  content  than  the  mere  recognition  of  the  impossibility  of  get- 
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ting  further  that  way.  Another  noticeable  fact  was  the  increased 
security  and  confidence  of  all  their  movements.  The  slow,  blundering 
modus  operandioi  thefirstexperimenthadgivenplace  to  rapid,  definite, 
purposive  movements.  This  was  evident  alike  in  respect  to  the  right 
moves  and  in  connection  with  the  errors.  It  has  been  noted  already 
that  the  errors  were  retraced  with  great  rapidity.  It  remains  to  remark 
that  in  nearly  all  cases,  the  entrance  into  the  blind  alleys  was  marked 
by  hesitation,  and  the  journey  to  the  end  was  made  slowly  and  doubt- 
fully. It  was  also  noted  in  passing  that  A,  after  passing  x  the  second 
time  accelerated  his  pace,  and  increased  the  acceleration  at  ni  and  4, 
indicating  thus  a  greatly  increased  familiarity  with  the  path  from 
.*•  on. 

Exp.  5.  B,  I  m.  A,  lyi  m.  Started  together.  Omitted  /  for  the 
first  time.  At  2,  separated,  A  entering  2,  B  going  on  after  a  momen- 
tary pause.  B  entered  j — proceeded  only  a  few  steps — turned  con- 
fidently— out  and  forward  to  n.  Delayed  here  and  was  overtaken  by 
A.^  Both  remained  here  a  little  :  B  first  recovered  his  wits,  and  sud- 
denly dashed  back  through  4,  and  forward  to  C.  Less  than  10  sec. 
from  n  to  C  ;  and  went  with  full  assurance,  hesitating  at  no  point. 
The  appearance  of  the  action  was  as  if  some  kind  of  an  image  of  the 
path  to  C  had  flashed  in  upon  the  creature's  mind  touching  of  simul- 
taneously the  motor  discharge.  At  this  point  I  do  not  wish  to  discuss 
the  possible  nature  of  the  process  involved  further  than  to  say  that 
the  term  image  does  not  mean  here  visual  image.  Representation, 
perhaps,  would  be  a  less  objectionable  term  to  describe  this  hypotheti- 
cal mental  correlative  of  the  action. 

In  this  experiment  j9  for  the  first  time  equalled  A's  performance. 
In  all  the  former  tests,  both  with  this  apparat'is  and  with  that  of 
preceding  experiments  (Ant.  Jour.  Psy..yo\.  XI,  No.  2,  p.  156  ff.),  he 
had  shown  a  slight  inferiority.  In  the  succeeding  experiments  he  was 
generally  first  to  C,  though  there  was  slight  difference. - 

Exp.  6.  A,  lYz  m.  A  variation  introduced.  The  entrance  into  the 
center,  C  was  barred  by  Exp.  Box  II  {Loc.  cit.  above)  used  in  a  former 
series  of  experiments  with  these  rats.  The  door  of  this  box, which  was 
held  closed  by  strips  of  paper  pasted  upon  the  door  and  the  sill,  was 
opened  inward  b}-  a  spring  when  the  papers  were  removed.  Food  inside 
the  box.  The  reappearance  of  this  problem  so  unexpectedly  and  under 
such  different  circumstances  after  the  lapse  of  27  days  constituted  an 
interesting  test  of  the  permanence  and  distinctness  of  the  memory.^ 

B  first  out.  Directly  to  2,  pause — a  very  human-like  indecision. 
After  5  or  6  abortive  starts  each  way,  finally  entered  2  and  proceeded 
slowly  to  end.  Turned  and  swiftly  retraced  his  steps.  At  mouth  of  2 
joined  by  yJ.  Together  they  proceeded  placidly  to  end  ofj.  Turned 
instantly  and  galloped  back  swiftly  out  of  j,  not  slowing  up  until  e. 
Here  B  charmed  by  the  odor  from  C  stopped  to  dig.  A,  forward  sober- 
ly, hesitated  at  x  turning  now  right,  now  left,  but  finally  on  to  «. 

1  Apropos  of  the  possible  role  played  by  smell  in  selecting  the  path,  it  is  signifi- 
cant that  A ,  after  following  the  path  traversed  by  B  from  3  to  5,  here  diverged,  turn- 
ing into  5  before  going  to  «. 

^  Later  in  this  same  experiment  I  observed  a  striking  instance  of  the  difference 
between  the  affective  character  of  these  rats  and  of  their  wild  brothers.  The  labora- 
tory cat  jumped  upon  the  maze  and  showed  a  friendly  interest  in  the  rats.  They 
were  startled  at  first,  but  soon  were  trj'ing  to  bite  her  toes  through  the  meshes. 
Under  the  same  circumstances,  the  wild  rats  were  stiff  with  terror  for  15  minutes. 

3  The  term  memory  is  used  in  this  paper  in  its  generic  sense.  In  the  present  in- 
stance it  implies  :  in  the  presence  of  accustomed  conditions,  a  mental  state  leading 
to  the  performance  of  the  task  incident  to  the  situaticn.  It  does  not  simply  "actual 
and  distinct  recall  ;  "  much  less,  reference  of  the  reproduction  to  a  former  time  in 
the  subject's  experience.  Nor  does  it  impl\'  self-consciousness.  It  does  imply  a  feel- 
ing of  recognition — '  at-homeness.'  The  phrase  '  permanence  of  association '  might 
be  used,  but  that  this  recognition-element  is  not  properly  a  part  of  its  connotation. 
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He  delayed  there  a  moment — then  hastened  on  to  C,  via  4,  without 
further  delay  or  mistake.  (j9,  reached  n  before  A  left,  but  seemed 
to  '  lose  his  head  ' — ran  back  to  e — to  «  again — then  5 — reached  C 
more  than  a  minute  after  A.)  When  A  came  to  the  barricading  door 
of  the  box,  he  attacked  the  paper  without  hesitation,  almost  automati- 
cally. After  pulling  off  the  first  paper,  he  ran  back  a  little  way  in 
the  characteristic  half-frightened  manner  of  the  rat,  but  returned  im- 
mediately and  removed  the  other  paper.  All  accomplished  in  a  few 
seconds.     The  memory  was  perfect. 

This  experiment  illustrated  also  the  fact  of  the  increasingly  definite 
recognition  of  critical  points,  as  evidenced  by  the  hesitation  and  in- 
decision at  those  points.  This  was  decidedly  more  striking  than  in 
the  preceding  experiments,  especially  in  the  case  of  B  at  the  entrance 
of  2,  where,  as  stated,  he  exhibited  a  quite  human  hesitation,  turning 
now  one  way,  now  another.  The  conduct  of  ^,  at  x,  was  hardly  less 
noticeable.  B's  hesitation  continued  all  the  way  to  the  end  of  2,  as 
indicated  by  his  slow  and  doubtful  progress  ;  and  his  disgust  when 
he  reached  the  end,  was  as  manifest  as  had  been  his  indecision  at  the 
beginning. 

The  rats  were  exceedingly  active  during  the  evening,  traversing 
curiously  all  the  galleries  of  the  maze,  investigating  every  angle  and 
nook;  and  returning  frequently  to  C  for  a  drink  of  milk — they  had 
carried  the  bread  out  into  the  maze  at  once.  As  an  illustration  of  the 
rapidity  and  accuracy  of  their  movements,  I  saw  both  rats  go  from  « 
to  C  without  a  suspicion  of  a  pause  in  less  than  5  seconds.  The  dis- 
tance is  approximately  16  ft.  The  path  includes  16  right  angles  and 
4  chances  for  error. ^ 

Exp.  7.  B,  3  m.  Slow  in  starting.  B  went  to  end  of  / — then  slowly 
forward  as  if  feeling  his  way — eliminated  errors  2  and  j,  hesitating 
only  slightly — blundered  at  x,  going  to  n.  After  running  back  and  to 
between  n  and  k  for  a  moment,  he  passed  on  via  x,  tn,  etc.,  to  C,  with- 
out further  hesitation  or  error.  Tore  off  the  papers  instantly  on 
reaching  C.  Memory  on  this  point  quite. as  perfect  as  A's.  After 
taking  a  drink  of  milk,  B  seized  a  piece  of  bread  and  started  back — 
paused  at  h  to  eat — met  here  by  A,  and  hastened  on  to  c — stopped 
again  to  eat.  A  followed  here  in  a  few  moments,  and  B  went  to  the 
cage.  Almost  immediately  he  went  again  to  C  and  brought  back  the 
other  piece  of  bread.  The  rats  ate  their  supper  in  the  cage,  making 
frequent  trips  to  C  for  milk.  B  made  the  journey  twice  very  swiftly 
without  error  or  delay;  and  both  of  them,  several  times  with  but  one 
error.  They  take  a  run  to  C  for  a  drink  as  naturally  as  they  would 
turn  around,  or  as  a  man  would  go  out  between  the  acts.  The  ease 
of  it  all  indicates  a  pretty  definite  knowledge  of  the  way  through  the 
maze,  as  well  as  of  the  hedonistic  end  to  be  attained  by  traversing  that 
path. 

Exp.  8.  B,  30  sec.  B  made  the  journey  with  only  one  error — went 
half  to  end  of  / — and  without  indecision  at  any  point.  ( He  paused  6  or  7 
seconds  at  one  point,  but  because  his  attention  was  caught  by  some- 
thing outside  of  the  maze).  Tore  off  the  papers  instantly.  The  total 
time  between  entering  the  maze  and  entering  the  box  was  just  30  sec. 
Deducting  the  time  of  the  pause  (above  noted)  and  that  for  pulling 
off  the  papers — about  5  sec. — we  find  the  actual  time  in  traversing  the 
maze  less  than  20  sec.  This  rapidity  of  movement  illustrates — meas- 
ures roughly — the  almost  automatic  definiteness  of  the  mental  pro- 

'Tbe  next  morning-,  I  found  the  rats  had  carefully  deposited  the  remnants  of 
bread  and  the  bits  of  paper  in  their  cage.  A  few  davs  later,  after  I  had  given  them 
abundant  excelsior  for  a  bed,  they  ceased  to  save  the  bits  of  paper  from  the  box. 
The  collecting  impulse  seems  to  be  inhibited  by  the  feeling  enough-at-home. 
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cess — not  quite  automatic,  as  appears  from  the  fact  that  the  animal 
will  again  make  mistakes  and  show  indecision  at  critical  points.  The 
movements  are  habitual  but  not  secondary  automatic.  Attention  and 
discrimination  are  not  wholly  shelved.  A  was  a  few  seconds  later. 
Both  went  back  to  the  cage  with  their  bread  without  mistake.  In 
making  another  trip  to  C  a  few  seconds  later,  A  went  right  to  4;  here 
hesitated  as  if  "  scratching  his  head,"  then  entered  this  gallery  slowly 
and  doubtfully — only  a  few  steps  however ;  then  with  a  sudden  turn 
and  a  triumphant  flick  of  his  tail  he  returned  to  the  correct  path. 
This  is  peculiarly  interesting  from  the  fact  that  he  made  this  error 
complete,  the  first  time,  going  completely  around  the  circuit  ^,  n,  k, 
X,  m..  I  watched  A  make  two  more  journeys  to  C.  The  fourth  time 
he  did  not  pause  or  hesitate  or  slacken  his  pace  at  4.  As  in  Exp.  7, 
frequent  journeys  were  made  to  C  for  milk.  These  averaged  one  every 
4  or  5  minutes  during  the  half  hour  I  watched.  They  were  made 
generally  without  error  and  in  as  brief  time  as  15  or  20  sec. 

After  the  edge  of  the  appetite  is  worn  off  a  little,  the  rats  tend  to  let 
loose  the  play  instinct  in  the  fullest  degree.  In  all  their  journeys 
they  'play  by  the  way,'  strolling  nonchalantly  into  the  blind  alleys, 
now  sniffing  listlessly,  now  with  half-eager  curiosity  in  all  the  corners," 
and  angles.  That  they  know  their  way  pretty  well,  however,  is  evident 
from  the  manner  in  which  they  take  a  sudden  start  from  any  place  in 
the  maze  and  '  flash'  to  the  end — either  end.  To  one  who  is  familiar 
with  the  ways  of  the  white  rat,  or  who  is  able  to  imagine  his  action 
from  the  descriptions  and  figures  above,  the  term  '  flash  '  in  this  con- 
nection will  be  appreciated  as  realistically  literal. 

Exp.  g.  B,  I  m.  (Exp.  Box  II  not  used).  Each  rat  made  2  errors: 
both  entered  /  ;  A  took  long  way  at  x — /.  e.,  k,  «,  4 — B  turned  into 
4,  went  as  far  as  «,  then  retraced  his  steps.  It  is  noteworthy  that  these 
are  the  most  persistent  errors.  Neither  rat  hesitated  at  2  or  j.  It  is  not 
apparent  why  the  error  at  /  is  so  persistent — it  was  fully  eliminated 
only  once.  The  persistence  of  the  errors  at  x  and  ^  is  a  simpler  mat- 
ter. A  glance  at  the  diagram  will  show  that  these  mistakes  may  be 
rectified  without  a  return — indeed  they  are  not,  properly  speaking, 
mistakes  at  all,  but  rather  failures  to  select  the  shorter  path.  In  each 
case  the  rat  has  but  to  push  ahead  in  order  to  recover  the  right  trail. 
It  is  probable  that  these  errors  would  be  fully  reduced  with  a  sufficient 
number  of  trials — in  fact  other  series  of  experiments  confirm  this 
view,  though,  as  will  be  seen,  they  are  the  last  errors  to  be  sloughed  off ; 
and,  with  some  rats,  absolute  certainty  is  not  reached  in  a  great  num- 
ber of  trials.     In  one  case,  forty  did  not  suffice. 

The  series  really  concludes  with  this  experiment,  the  tenth  serving 
merely  to  test  the  memory  of  the  maze  experience.  It  adds  little  or 
nothing  to  the  data  for  explaining  the  formation  of  the  associative 
nexus,  and  the  mental  material  and  powers  involved  in  that  process. 

It  was  made  22  days  after  Exp.  9.  The  results  were:  B  reached  C 
in  about  two  m.,  making  errors  at  /,  2,  and  j  ;  A,  a  few  seconds  later, 
errors  at  /,  j  and  x.  They  clearly  recognized  the  maze,  but  some 
of  the  details  had  slipped  away.  B  hesitated  at  both  2  and  j,  as  did 
A  at  J  and  x,  showing  that  there  was  recognition  of  these  critical 
points,  but  that  the  memory  was  indistinct.  After  returning  from  j,  B 
proceeded  more  securel)' — his  gait  had  been  slow  and  doubtful  before — 
hesitating  only  at  x  and  but  a  second  there. 

The  same  experiment  in  several  other  cases  gave  similar  results — a 
constant  tendency  towards  a  partial  lapse  of  the  association. 

Analyses  of  Results. 
In  appreciating  the  results  of  this  series  of  experiments, 
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about  the  same  facts  come  into  view,  onl}'  more  distinctly,  as 
in  the  case  of  the  wild  gray  rats;  the  initial  indefiniteness  of 
movement  and  the  fortuitousness  of  success;  the  just  observable 
profit  from  the  first  experiences;  the  gradually  increasing  cer- 
tainty of  knowledge  indicated  by  increase  of  speed  and  definite- 
ness,  and  the  recognition  of  critical  points  indicated  by  hesita- 
tion and  indecision;  the  lack  of  imitation  and  the  improbability 
of  following  by  scent;  the  outbreak  of  the  instincts  of  play  and 
curiosity  after  the  edge  of  appetite  is  dulled.  In  addition  are 
to  be  noted  the  further  observations  upon  the  contrast  between 
the  slow  and  cautious  entrance  into,  and  the  rapid  exit  from  the 
blind  alleys,  after  the  first  few  trials;  the  appearance  of  disgust 
on  reaching  the  end  of  a  blind  alley;  the  clear  indication  of 
centrally  excited  sensation  (images)  of  some  kind;  memory  (as 
I  have  used  the  term);  the  persistence  of  certain  errors;  and 
the  almost  automatic  character  of  the  movements  in  the  later 
experiments.  Viewed  objectively,  these  observations  all  con- 
verge towards  one  central  consideration;  the  continuous  and 
rapid  improvement  of  the  rats  in  threading  the  maze,  amount- 
ing to  almost  perfect  accuracy  in  the  last  experiments.  No 
qualification  of  this  view  was  found  necessary  in  the  light 
of  many  later  experiments.  Rather  they  all  confirm  it.  The 
mental  aspect  is  considerably  more  complex,  the  mental  factors, 
much  more  difficult  of  analysis  and  evaluation;  but  the  central 
fact  in  the  process  seems  to  be  the  recognition  b)'  the  rats  of 
particular  parts  of  the  maze.  Deferring  consideration  of  this 
side  of  the  matter,  and  looking  now  only  at  the  objective  side 
the  important  points  are,  as  in  case  of  the  wild  rats:  (i)  the 
increase  in  speed,  and  (2)  the  decrease  in  the  number  of  errors 
and  in  uncertainty.  Comparison  of  the  two  points  is  as  fol- 
lows: M-13,  13'.  11-3,2'.  III-4,  — .  IV-i^,  4'.  V-i,  2'. 
VI-i^,  3'.  VII-3,  2'.  VIII-^,  i'.  IX-i,  2'.  (X-2,  2'). 
As  with  the  wild  rats,  we  find  a  fairly  constant  decrease  in 
time  and  in  number  of  errors.  Similarly,  there  are  fluctuations 
both  in  time  and  number  of  errors,  e.  g.,  Exp.  9  shows  an  in- 
crease over  Exp.  8  in  both  respects.  This  is  to  be  expected 
from  the  character  of  the  animal  and  the  confessed  impossibility 
of  completely  controlling  even  the  external  conditions,  not  to 
mention  the  particular  internal  conditions  in  each  case.  Allow- 
ing for  such  variable  factors,  the  relative  time  required  and 
number  of  mistakes  made  furnish  a  fairly  accurate  index  of  the 
progressive  acquaintance  of  the  rats  with  the  problem.  The 
contrast  between  the  first  slow,  blundering,  accidental  success 
and  the  definitely  foreseen  success  of  Exp.  8  (taken  as  the  best) 
is  striking.     This  is  brought  out  even  more  saliently  by  the 

^Significance  of  the  numerals  is  the  same  as  supra. 
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graphic  representation  on  p.  201  than  by  the  figures  collocated 
above.  The  solid  line  indicates  the  course  followed  in  Exp.  i; 
the  dotted  line  that  followed  in  Exp.  8.^  The  arrows  mark 
the  point  where  the  rat  stopped  and  turned  about,  and  are 
pointed  in  the  direction  he  was  headed  when  he  stopped.  The 
dots  (•)  indicate  points  where  considerable  pauses  were  made. 
The  arrow  and  dot  between  4.  and  vi  indicate  that  the  rat,  when 
returning  from  an  abortive  essay  into  /,  went  as  far  as  that 
arrow,  paused,  then  turned  and  went  forward. 

Turning  now  for  a  brief  consideration  of  the  relative  results 
of  experiments  with  the  two  kinds  of  rats,  some  interesting  and 
rather  unexpected  facts  crop  out.  Comparison  of  the  time  and 
error  tables  of  the  two  series  discloses  no  considerable  supe- 
riority on  either  side,  although  in  this  comparison  I  disregarded 
entirely  the  first  two  experiments  of  Series  I,  comparing  the  5 
trials  recorded  of  Series  I  with  the  first  5  of  Series  II.  The 
average  of  times  required  and  errors  made  gives  the  white  rats 
the  advantage  in  regard  to  time:  the  brown  rats,  in  regard  to 
errors.^  In  view  of  the  handicap  of  two  experiments,  it  will 
be  seen  that  the  advantage  lies  with  the  white  rats  throughout. 
The  brown  rats  had  gained  comparatively  little  from  the  first 
two  experiments,  imperfectly  conditioned  to  be  sure,  but  in 
which  they  had  the  usual  freedom  of  the  maze  during  the  en- 
tire night.  I  am  of  the  opinion  that  even  if  the  conditions 
of  experiment  had  been  identical,  the  balance  still  would  have 
tipped  in  favor  of  the  white  rats,  so  potent  is  the  inhibitive 
influence  of  fear  with  the  wild  rats.  The  rational  conclusion 
seems  to  be  that  there  is  little  difference  between  the  two  in 
actual  intelligence.  The  wild  rat  is  somewhat  more  vigorous 
and  active,  and  consequently  this  excess  of  activity  increases 
his  chances  of  accidentally  hitting  upon  the  right  path.  This 
might  secure  him  a  slight  advantage  in  time  in  perfecting 
his  knowledge  of  the  path.  It  would  not  signify,  however, 
any  advantage  in  quality  or  degree  of  intelligence.  It  might 
ensure  a  larger  number  of  associations  (supposing  a  free  life 
for  both  animals)  but  would  not  make  an}^  difference  with  their 
delicacy  or  complexity.  In  short,  the  results  of  superior  activity 
are  not  intelligence,  though  they  seem  often  not  to  be  discrim- 
inated, in  accounts  of  human  as  well  as  animal  doings.  This 
superior  activity,  however,  is  fully  balanced  by  the  wild  rats' 
greater  susceptibility  to  fear  under  these  strange  conditions. 

^That  Exp.  I  gives  the  record  of  Rat  A  and  Exp.  8,  of  Rat  B  is  in- 
consequential. The  attainments  of  the  two  were  practically  equal. 
(The  course  was  marked  on  a  diagram  at  the  time  of  observation.) 

^Average  time  :  Series  I,  5  m.  19  s.;  Series  II,  4  m.  33  s.  Average  of 
errors:  Series  I,  4  1-5;  Series  II,  5  1-5.  In  Exp.  3  of  Series  II,  I  was 
not  sure  whether  there  were  4  or  5  errors.     The  maximum  is  taken. 
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In  ability  to  profit  b}'  experience — in  this  case,  to  learn  a  defi- 
nite route  involving  possibilities  of  frequent  error — the  two  are 
not  far  different. 

This  conclusion  does  not  tall}'  ver}'  well  with  the  general 
opinion  that  animals  suffer  mental  deterioration  under  domes- 
tication. However  that  may  be  with  other  animals,  it  evidently 
is  doubtful  in  this  instance.  The  white  rat  in  comparison  with 
his  wild  congener  is  somewhat  less  vigorous  and  hardy  (espe- 
cially does  not  endure  cold  or  hunger  so  well),  and  has  sloughed 
off"  some  of  the  timidity  and  .suspiciousness  of  the  wild  rat;  on 
the  other  hand,  his  sen.ses  with  the  exception  of  sight  are  as 
keen,  his  characteristic  rat  traits  are  as  persistent,  and  his  men- 
tal adaptability  is  as  considerable.  The  ?)iodus  operandi  of  the 
two  kinds  in  the  maze  shows  little  variation.  Likewise  there  is 
no  difference  in  the  curiosity  manifested,  either  in  kind  or  de- 
gree. In  view  of  the  many  generations  of  luxurious  idleness  ^ 
of  the  white  rat,  this  profound  and  enduring  nature  of  specific 
psychic  traits  is  striking.  A  pertinent  illustration  was  furnished 
by  a  young  rat  that  escaped  from  his  cage  and  was  loose  about 
the  laboratory  for  several  days.  He  had  just  been  weaned 
when  the  accident  occurred.  Food  was  rather  scarce  and  he 
got  pretty  hungry.  Finally  one  morning  he  found  his  way 
into  the  chicken  pen,  and  in  less  than  two  minutes  had  killed 
two  chickens,  and  was  upon  a  third  when  discovered.  The 
chickens  were  three  times  as  large  as  himself.  The  killing  was 
done  by  biting  through  the  throat  of  the  victim,  and  was  as 
neatly  and  deftly  executed  as  if  the  executioner  were  an  old 
hand.  The  importance  of  this  illustration  lies  in  the  fact,  that 
this  is  exactly  the  method  of  killing  employed  by  the  wild  rats. 
The  only  possible  preparation  in  his  own  experience  this  pigmy 
could  have  had  for  such  serious  business  must  have  been  in 
play  with  his  fellows.  That,  however,  was  general  rather  than 
specific;  and,  at  best,  was  of  slight  importance,  as  he  had 
reached  the  playing  age  but  few  days  before.  Another  typical 
illustration  of  the  persistence  of  .specific  traits  is  furnished  by 
a  perfectly  tame  pet  rat  that  exhibited  the  greatest  fondness  for 
a  hole  in  the  base-board  of  a  room  where  he  was  allowed  to  run, 
making  for  the  hole  every  time  he  was  set  free  in  the  room,  and 
dodging  in  and  out  at  every  sound;  yet  so  tame  that  he  would 
come  out  and  allow  himself  to  be  caught  as  often  as  I  went  to 
the  hole  and  called.  Such  cases  give  some  suggestion  of  the 
tenacity  of  those  fundamental  specific  traits  which  "persist  with 
undiminished  vigor  "    long  after  the  conditions  of  life  which 

^I  cannot  find  that  the  white  rat  is  known  to  exist  in  the  wild  state. 
There  is  a  tradition  that  it  was  brought  to  the  Occident  from  an  imme- 
morial existence  in  China.  I  am  not  able  to  verify  this  tradition — or 
disprove  it. 
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called  them  into  being  have  changed  radically.  In  these  cases 
non-use  certainly  has  had  but  little  effect  in  reducing  the  poten- 
tial force  of  specific  instincts. 

What  is  true  of  such  relatively  superficial  specific  traits  is 
doubly  true  of  generic  instinct-feelings.  Curiosity  is  a  good 
example,  frequently  coming  into  evidence  as  it  does  in  these 
experiments.  Its  intensity  is  not  diminished  with  the  long  do- 
mesticated white  rats.  Nor  is  it  greatly  changed.  Ribot,  rightly 
regards  curiosity  as  the  basis  of  the  'intellectual  sentiment.' 
"This  primitive  craving — the  craving  for  knowledge — under  its 
instinctive  form  is  called  curiosity.  It  exists  in  all  degrees, 
from  the  animal  which  touches  or  smells  an  unknown  object, 
to  the  all-examining,  all-embracing  scrutiny  of  a  Goethe;  it 
always  remains  identical  with  itself."^  I  am  persuaded  that 
Ribot  is  right  in  regarding  this  affection  as  primitive  and  as 
a  primitive  craving  for  knowledge;  not  merely  a  reaction  to 
hunger  or  sex  stimulus.  The  desire  for  familiar  acquaintance 
with  environment,  concomitant  with  fear  and  uneasiness  in 
strange  surroundings,  is  about  as  fundamental  as  hunger.  Ob- 
servers of  wild  animals  in  their  native  haunts  tell  the  same  tale. 
The  astronomer  who  orients  himself  with  respect  to  infinite  worlds 
satisfies  the  same  craving  for  knowledge  and  calms  the  same 
uneasiness  in  strangeness  as  does  the  animal  which  seeks  all 
the  knowledge  possible  to  him  of  his  universe.  The  reduction 
of  chaos  to  cosmos  begins  there. 

Such  considerations  as  these  suggest  the  question  whether 
zoological  psychology  may  not  profitably  turn  from  its  almost 
exclusive  search  for  variation,  to  a  search  for  the  relatively  in- 
variable factors  in  the  animal  mind.  In  order  to  do  this  the 
ideals  of  structural  psychology  must  be  departed  from  some- 
what, and  attention  directed  to  the  study  of  the  instinctive  traits 
and  tendencies,  out  of  which,  in  higher  differentiations,  human 
nature  is  made.  From  the  point  of  view  of  psychic  statics  these 
are  composite  and  analyzable;  but,  from  the  point  of  view  of 
psychic  dynamics,  the}^  are  themselves  primitive  and  elementary. 
By  this  method,  if  by  any,  will  be  gathered  the  material  for  a 
natural  history  of  mind.  From  this  source  light  may  be  ex- 
pected upon  many  obscure  problems  in  individual  and  anthropo- 
logical psychology. 

General  Form  of  Animal  Intelligence. 

The  amount  and  variety  of  fact  brought  out  in  the  preceding 
description  and  analysis  must  serve  as  excuse  for  this  somewhat 
tedious  presentation  of  details.  It  justifies  the  initial  assump- 
tion that  the  results  of  such   a  study  as  this  are   qualitative 

iRibot:    Psy.  of  Emotions.     (Eng.  Tr.)  p.  368. 
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rather  than  quantitative;  and  that  a  generalized  statement  of 
results  or  any  graphic  representation  whatever  of  the  data  by- 
curves,  would  indicate  only  the  most  general  form  or  tendency 
of  animal  intelligence,  which  was  decidedly  less  what  I  wished 
to  exhibit  than  the  details  of  the  performance.  My  conviction 
of  the  importance  of  this  aspect  of  the  case  is  strengthened  by 
M.  Hachet-Souplet's  brilliant  suggestion  of  a  new  method 
of  classification  of  species  from  the  psychological  point  of 
view.^  M.  Hachet-Souplet  shows  clearly  that  there  is  very 
good  reason  for  cutting  loose  from  the  trammels  of  morpho- 
logical classification  in  our  psychological  investigations  of  ani- 
mals. If,  however,  such  a  desideratum  is  to  be  realized,  it  must 
be  by  studying  the  mentality  of  the  different  kinds  of  animals 
with  the  same  minuteness  that  morphology  employs  in  its 
domain. 

A  few  words,  however,  as  to  the  '  general  form  of  animal 
intelligence '  and  a  more  adequate  appreciation  of  the  value 
and  limitations  of  the  '  curve '  in  connection  with  the  same 
may  not  be  mal  apropos.  In  a  former  paper,  "^^  I  have  noted  that 
a  time  curve  would  be  an  insufficient  index  of  the  definiteness 
and  certainty  of  an  animal's  mental  processes,  on  account  of  the 
inconstancy  of  internal  conditions.  In  this  paper  I  have  pointed 
out  that  a  more  adequate  representation  might  be  made  (at  least 
for  these  experiments)  by  compounding  the  time  and  error 
curves,  and  also  a  curve  representing  the  indecision  at  critical 
points — if  such  could  be  extracted.  Such  a  compound  curve, 
however,  would  still  be  far  from  telling  the  tale  fully  and  pre- 
cisely. 

The  one  extensive  and  important  study  in  comparative  psy- 
chology in  which  the  graphic  method  of  presenting  results  is 
largely  employed  is  that  of  Dr.  Edward  Thorndike  upon  cats, 
dogs,  and  chickens.^  Dr.  Thorndike' s  methods  with  his  cats 
and  does  was  to  confine  the  hungry  animals  in  boxes,  small 
enough  to  be  uncomfortable,  from  which  they  might  escape  by 
"some  simple  act,  such  as  pulling  at  a  loop  of  cord,  pressing  a 
lever,  or  stepping  on  a  platform. ' '     Food  was  exhibited  outside 

1  P.  Hachet-Souplet :  Examen  psychologique  des  animaux,  Paris, 
1900.     Schleicher  Fr^res. 

"^  Am.  Jour.  Psy.,  Vol.  XI,  No.  2,  p.  136. 

3 Edward  Thorndike:  Animal  Intelligence.  Psy.  Rev.  Monograph, 
Vol.  II,  No.  4,  June,  1898.  Dr.  Thorudike's  methods  have  been  criti- 
cised by  :  W.  Mills  (Psy.  Rev.,  May,  1899)  ;  C.  Lloyd  Morgan  (Nature, 
July  14,  1898);  and  Kline  {Am.  Jour.  Psy.,  Vol.  X,  Nos.  i,  2,  3). 
Kline's  criticisms  are  fiagmentary,  but  valuable.  Morgan's  Revieyv  in 
Nature  is  discriminating  and  sympathetic.  Mills  raises  some  objections 
to  Dr.  Thordike's  work,  but  is  blinded  at  times  to  the  other's  meaning 
by  his  polemical  ardor.  Thorndike  has  replied  to  Mills  (Psy.  Rev., 
July,  1899). 
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the  enclosure  as  a  special  incitement  to  vigorous  effort;  and 
escape  was  rewarded  with  the  food.  The  time  required  to  es- 
cape in  successive  experiments  was  recorded,  and  the  results 
represented  by  curves.  These  time  curves  are  regarded  by  Dr. 
Thorndike  as  exact  indices  of  the  progress  of  the  animal  in  the 
formation  of  the  required  associations.  Though  these  temporal 
data  do  not  seem  so  significant  to  me,  as  to  Dr.  Thorndike,  for 
the  reasons  given  above,  yet  they  do  exhibit,  I  think,  what  I 
have  called  the  general  form  of  animal  intelligence;  or  as  Pro- 
fessor Morgan  expresses  it  in  an  analysis  of  Dr.  Thorndike's 
paper  (v.  note  above),  "  they  bear  out  the  contention  that  the 
method  of  animal  intelligence  is  to  profit  b}'  chance  experience, 
and  depends  upon  the  gradual  establishment  of  direct  associa- 
tions." I  suppose  Hoffding  means  essentially  the  same  thing 
when  he  says:  "  The  simple  primitive  consciousness  does  not 
feel  the  need  of  concepts  but  goes  passive  from  disappoint- 
ment to  disappointment."  Professor  Morgan  reports  in 
the  same  paper,  having  attempted  to  extract  from  some  of 
Mr.  Thorndike's  carefully  plotted  data,  a  mean  curve  for 
the  method  of  trial  and  error.  The  attempt  was  not  very 
successful  he  admits;  but  he  thinks  the  resultant  curve  does 
indicate  the  gradualness  of  the  process  which  theoretically 
would  be  expected.  On  the  whole,  this  conclusion  seems  to 
me  essentially  sound.  At  least,  my  own  observations  with 
rats,  under  what  seem  to  me  more  natural,  and  sympathetic 
conditions,  give  confirmatory  results.  I  have  plotted  tentatively 
a  number  of  time  curves,  both  from  the  results  of  my  experi- 
ments with  the  maze  and  with  other  devices;  and  they  show 
no  radical  variation  from  the  general  form  of  Dr.  Thorndike's 
curves.  I  think  Morgan  is  right  in  asserting  that  ' '  the  form 
of  his  curves  affords  no  particle  of  evidence  for  reasoned  be- 
havior." No  more  do  mine.  It  must  be  remembered  that 
Morgan  rigidly  limits  the  term  reasoning  or  rational  procedure 
to  the  process  of  drawing  logical  inference.  The  relation  be- 
tween experiences  must  be  perceived  as  such.  The  transitive 
moment  between  focal  points  in  consciousness  must  itself  be 
capable  of  becoming  focal.  The  reasoning  creature  must  be 
able  to  '  focus  the  therefore,  think  the  w^hy. '  ^  In  the  broader 
sense  of  practical  adaptation  to  varying"  conditions  by  direct 
association;  or  as  Binet  ^  defines  it:  "an  organization  of  images 
determined  by  the  properties  of  the  images  themselves,  so  that 
the  images  have  merely  to  be  brought  together  for  them  to  be- 
come organized,  and  reasoning  follow  with  the  inevitable  neces- 
sity of  a  reflex  " — Morgan  readily  admits  reasoning  in  animals. 

1  Morgan:     Comparative  Psycholog}'.     In  locis. 
2 Psychology  of  Reasoning.     (Eug.  Tr.,  p.  3.) 


MENTAL   PROCESSES   OF  THE    RAT.  225 

Morgan  further  made  a  comparison  of  his  mean  trial  and 
error  curve,  with  a  mean  curve  of  rational  procedure,  which  he 
plotted  from  Dr.  Lindley's  data  compiled  in  his  "Study  of 
Puzzles."  (Am./ozir.Ps}'.,Yo\.Ylll,'^o.^.)  These  present 
a  clear  contrast,  he  thinks.  In  the  latter  case  he  finds  "  a  sud- 
den leap  from  failure  to  success  when  the  trick  of  the  puzzle 
was  discovered  and  understood;"  as  opposed  to  a  "gradual 
sweep  towards  rapid  and  assured  success  "  with  the  former. 

There  is  one  fact,  however,  in  connection  with  the  trial  and 
error  curves  that  Morgan  does  not  remark.  Nearly  all  of  Dr. 
Thorndike's  curves  show  a  sudden  fall  after  the  first  success. 
My  own  experiments  with  various  devices  gave  similar  results. 
This  fall  is  analogous  with  the  fall  in  the  curve  of  rational 
procedure  after  the  '  trick  was  understood.'  This  fact  does  not 
affect  the  distinction  between  the  two  processes.  The  sudden  fall 
in  the  trial  and  error  curve  indicates  only  effectiveness  for  re- 
production of  the  first  right  association.  In  this  method,  learn- 
ing the  trick  or  the  task,  depends  in  the  first  instance  upon 
performing  it  fortuitoush^  so  far  as  previsioned  end  is  concerned; 
and  requires  then  time  and  repetition  for  perfecting  the  knowl- 
edge. Improvement  depends  upon  memory  of  previous  per- 
formances, or  forgetting  useless  details.  The  relation  of  the  acts 
does  not  become  focal.  On  the  other  hand,  in  rational  proce- 
dure, the  trick  may  be  understood  before  it  is  performed.  The 
entire  plan  of  solution  may  be  envisaged  before  a  move  is  made. 
As  a  matter  of  fact,  however,  in  the  great  majorit}^  of  cases 
tested  by  Dr.  lyindley ,  in  which  rational  procedure  was  employed, 
the  understanding  at  the  beginning  was  only  partial,  the  plan 
was  vague  and  hazy.  The  understanding  became  full  and 
definite  through  abortive  attempts  at  practical  solution.  The 
younger  children,  Dr.  Lindley  found,  as  would  be  expected,  used 
almost  exclusively  the  trial  and  error  method,  chance  success 
and  direct  association.  With  older  children  rational  procedure 
based  upon  a  considered  plan  came  progressively  into  evidence. 
' '  The  3^ounger  children  succeed  through  a  long  series  of  slight 
variations.  Occasional  lapses  into  useless  movements  occur; 
but  the  trend  is  by  a  slow  and  primitive  method  of  exclusion 
towards  the  goal."  Among  older  persons  the  inhibitive  influ- 
ence of  failure  is  stronger.  The  memory  of  the  failure  takes  its 
place  as  a  substantive  element  in  consciousness  and  constrains 
the  subject  to  reconsider,  to  deliberate.  The  variations,  too, 
are  wider  and  more  far-reaching,  indicating  a  larger  and  more 
complex  grasp  of  attention.  Yet  comparatively  few.  even  of 
adults,  pursue  a  strictly  rational  procedure.  The  close  similar- 
ity between  animals  and  children  is  obvious. 

The  fact  that  the  trial  and  error  method  plays  so  large  a  part 
in  human  mentality,  and  especially  that  it  predominates  with 
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children,  still  further  supports  the  view  taken  in  the  beginning 
of  this  paper  that  animal  intelligence  works  almost  exclusively 
by  this  method.  Although  this  hypothesis  was  assumed  for 
the  present  case  only,  it  certainly  covers  adequately  a  very  large 
part  of  animal  activity.  Most  anecdotal  cases  of  animal  reason- 
ing are  explainable  upon  this  ground.  So  far  as  the  narrowly 
experimental  studies  of  animals  go,  they  point  in  the  same 
direction.  As  yet,  however,  these  are  too  limited  in  number 
and  too  restricted  in  scope  to  be  very  conclusive. 

On  the  other  hand,  however,  there  is  yet  something  to  be 
said.  The  analogy  between  children  and  animals  is  so  close 
that  the  manifestation  of  reason  in  some  very  young  children 
suggests  that  some  animals  may  have  the  same  power.  Preyer 
cites  the  case  of  a  two-year-old  child  getting  a  cricket  and 
standing  upon  it  in  order  to  reach  a  desired  object.^  M. 
Hachet-Souplet  ^  shovvs  wide  variations  of  psychic  faculty 
among  animals  of  closely  related  morphological  groups.  In- 
dividual variations,  too,  are  indubitable.  M.  Hachet-Souplet 
has  no  doubt  that  some  animals  reason.  His  opinion  is  im- 
portant since  he  is  an  experimenter  in  a  large  and  fruitful  way, 
and  is  at  the  same  time  in  the  main  sharply  critical  of  his  facts. 
He  describes  a  striking  case  of  reasoning  in  a  coati,  as  follows: 
"  Un  de  nos  amis  nous  ayant  rapporte  un  merveilleux  trait 
d' intelligence  de  la  part  d'un  coati.  nous  avons  resolu  de  pro- 
voquer  artificieliement  autour  d'un  autre  coati,  des  circonstances 
analogue  a  celles  dans  lesquellesle  premier  s'etaittrouve,  quand 
il  donna  une  si  grande  preuve  de  sagacite.  On  sait  que  I'es- 
pece  est  tres  friande  d'oeufs  de  poule;  nous  en  plagames  un  sur 
une  haute  cheminee  de  fagon  a  ce  qu'l  put  etre  vu  du  coati  et, 
apres  avoir  eloigne  legerement  les  sieges,  nous  quittames  la 
piece;  en  nous  arrangeant  toutefois  de  maniere  a  ne  rien  perdre 
de  ce  que  ferait  notre  sujet. 

"Ils'agita  d'abord,  saute  deux  ou  trois  fois;  mais,  voyant 
que  son  elan  ne  le  portait  qu'a  mi-hauteur  de  la  tablette,  il 
semblait  reflechir  un  instant.  II  se  dirigea  ensuite  vers  une 
chaise  en  chene  cire  qu'il  essaya  d'attirer  du  cote  de  la  chemi- 
nee, mais  ses  pattes  glissait  sur  le  bois  et  il  renonga  a  son  enter- 
prise; il  semblait  desespere.  Cependant  il  apergut  dans  un 
coin  un  paquet  de  vieux  chiflfon  et  parut  frappe  d'une  veritable 
idee.  Ayant  pris  une  des  bandelettes,  il  eii  entoicra  le  pied  de  la 
chaise  et  il  se  mit  a  Vattirer  d,  recidons.  Ouand  le  siege  fut 
contre  la  cheminee,  en  deux  bonds,  mon  coati  monta  sur  celle- 
ci  et  s'empara  de  I'oeuf. "  Manifestly  the  coati  in  this  case 
perceives  relations,  more  complicated  relations,  indeed,  than  the 

1  Preyer:     Infant  Mind.     (Eng.  Tr.,  p.  185.) 
"^Loc.  cit. 
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relation  perceived  by  the  child  cited  above.  Such  a  mental 
expression  goes  beyond  the  explanatory  possibilities  of  '  direct 
association  by  trial  and  error  methods. ' 

Perhaps  the  real  question  after  all  is  not  whether  animals 
perceive  relations,  but,  rather,  what  ajiimals  perceive  what 
kind  of  relations.  This  would  seem  to  be  the  logic  of  M. 
Hachet-Souplet's  position;  and,  what  is  more  important,  it  is 
the  logical  method  of  psychogenetic  study.  Granting  that 
animals  may  perceive  relations,  we  have,  then,  definite  and 
feasible  problems  to  investigate:  the  kind  and  complexity  of  the 
relations  perceived.  This  method  should  give  data  for  a  better 
understanding  of  the  nature  of  animal  reasoning,^  judgment, 
inference,  and  the  consciousness  attending  these  processes.  It 
would  not  be  surprising  if  degrees  of  complication  and  of  symbol- 
ism were  found  to  constitute  the  differentiae. 

On  the  wiiole,  the  modern  studies  of  comparative  psychology 
confirm  Hume's  acute  observations  on  the  nature  of  animal  in- 
telligence. "  Animals,  as  well  as  men,  learn  many  things  from 
experience,  and  infer  that  the  same  events  will  always  follow 
the  same  causes.  By  this  principle  they  become  acquainted 
with  the  more  obvious  properties  of  external  objects,  and  grad- 
ually, from  their  birth,  treasure  up  a  knowledge  of  the  nature 
of  fire,  water,  earth,  stones,  heights,  depths,  etc.,  and  of  the 
effects  which  result  from  their  operation.  The  ignorance  and 
inexperience  of  the  young  are  here  plainly  distinguishable  from 
the  cunning  and  sagacity  of  the  old  who  have  learned  from 
long  experience  to  avoid  what  hurt  them,,  and  to  pursue  what 
gave  ease  or  pleasure.  ...  An  old  greyhound  will  trust 
the  more  fatiguing  part  of  a  chase  to  the  younger,  and  will 
place  himself  so  as  to  meet  the  hare  in  her  doubles;  7ior  are 
the  conjectures  which  he  forjns  on  this  occasion  founded  in  a7iy  thing 
but  his  observation  and  experience.  Animals,  therefore,  are  not 
guided  in  these  inferences  by  reasoning,  neither  are  children, 
neither  are  the  generality  of  mankind  in  their  ordinary  actions 
and  conclusions,  neither  are  the  philosophers  themselves.  An- 
imals undoubtedly  owe  a  large  part  of  their  knowledge  to  what 
we  call  instinct.  Btit  the  experimental  reasoning  itself,  which  we 
possess  iyi  common  with  beasts  is  nothing  but  a  species  of  instinct 
or  mechanical  power  that  acts  in  us  Jinknown  to  ourselves."  This 
statement  of  Hume's"^  as  to  the  general  form  of  animal  intelli- 
gence has  not  been  improved  upon.     His  expression    '  experi- 


^Benn  (Gk.  Philosophers,  I,  p.  381,)  makes  the  interesting  sug- 
gestion that  animals  reason  di.sjunctively  ("after  a  canine  fashion"). 
It  is  from  the  disjunctive  form  that  all  other  forms  of  reasoning  are 
successively  evolved. 

2  Hume  :  An  Enquiry  concerning  Human  Understanding.  Section 
iX,  pp.  85  ff. 
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mental  reasoning '  seems  to  me  singularl}'  happy  and  accurate, 
guarded,  as  it  is,  by  the  suggestion  of  its  subconscious  character 
— especially  happy  in  comparison  with  the  clumsy  expressions 
of  some  modern  comparative  psychologists  whose  abhorrence  of 
anthropomorphism  leads  to  the  opposite  extreme  both  in  thought 
and  expression;  and  causes  them  to  inveigh  against  that  vice 
ad  7imiseavi.  I  suppose  Hume  would  be  dealt  with  summarily 
on  this  score  by  these  writers.  But  is  not  a  certain  amount 
of  chastened  anthropomorphism  a  wholesome  specific,  a  kind  of 
saving  grace  against  the  scientific  pedantry  that  thinks  to  create 
a  new  science  of  comparative  psychology  with  the  imperfect 
instruments  of  experiment  and  the  law  of  parsimony.  The 
law  of  parsimony  is  important,  no  doubt,  but  it  may  be  em- 
ployed too  rigorousl}'.  The  real  difficulty  lies  not  in  the 
tendenc}'  to  interpret  animal  intelligence  in  the  terms  of  human 
experience,  for  we  have  no  other  w-ay;  but  in  the  faulty  and 
imperfect  analysis  of  human  experience.  That  is  the  real  vice 
of  Romanes'  work.  His  analysis  did  not  go  much  deeper  than 
the  discursive  adult  human  understanding.  This  difficulty  is 
intensified,  not  onl}^  by  the  fact  that  human  consciousness  is 
permeated,  and,  as  it  were,  recreated  by  self-consciousness;  but 
also  by  the  fact,  not  alwa3'S  heeded,  that  the  more  elementary 
and  obscure  phases  of  human  experience,  as  yet,  have  not  been 
fully  and  definitely  analyzed. 

Another  difficulty,  not  less  real  and  important,  but  not  suf- 
ficiently remarked,  is  found  in  psychophysical  limitations.  This 
difficulty  is  frequently  met  with  in  human  psychology.  Gal- 
ton's  Academicians  who  regarded  mental  imagery  as  'moon- 
shine '  illustrate  th^  point.  The}*  experienced  no  mental  images; 
therefore,  mental  images  did  not  exist.  A  similar  limitation, 
Ribot  thinks,  leads  psychologists  to  cavil  at  memory  of  emotions. 
Now,  doubtless,  the  psychophysical  disparities  between  man  and 
brute  are  inconceivably  greater  than  between  man  and  man. 
The  immensely  greater  role  played  by  smell,  for  example,  or 
motor  experience,  in  the  economy  of  the  animal  mind  cannot  be 
fully  appreciated.  We  can  hardl}^  have  any  idea  of  the  radically 
different  tone  and  feeling  of  such  consciousness;  and  we  cannot 
say  with  any  precision  what  modifications  of  intelligent  pro- 
cesses are  concealed  from  our  view  in  this  way. 

The  Process  of  Learning. 

Whether  the  process  of  learning  the  way  through  this  maze 
is  adequately  described  as  a  gradual  establishment  of  direct  asso- 
ciations by  profiting  by  chance  experience  depends  upon  the 
meaning  attached  to  the  phrase  '  profiting  by  chance  experience. ' 
I  wish  in  the  remainder  of  this  paper  to  attempt  an  analysis  of 
the  mental   factors  involved  in  the  animal's  solution  of  the 
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problem;  and  to  offer  some  suggestions  upon  the  character  of 
the  perfected  knowledge. 

It  will  be  well  to  resume  the  facts  by  following  the  rats  A 
and  B  of  Series  II  from  their  introduction  to  the  maze,  through- 
out their  experience  of  getting  acquainted  with  their  newenviron- 
ment,  to  the  time  when  they  have  perfect  mastery  of  the  situa- 
tion. In  their  first  trial,  after  a  lapse  of  13  minutes  and  after 
manj^  errors,  returns,  and  delays,  they  find  their  way  into  C. 
Here  they  are  rewarded  for  their  labors  by  all  the  pleasure  pos- 
sible to  a  rat  from  the  satisfaction  of  a  keen-edged  appetite  by  a 
good  meal  of  bread  and  milk.  This  first  success  is  assumed  to  be 
accidental;  its  realization  does  not  depend  at  all  upon  prevision- 
ing  intelligence.  The  animal  does  not  foresee  the  end  and  set  to 
work  to  attain  that  end.  There  is  no  reflection.  The  determin- 
ing conditions  in  the  rat's  mind  are  more  immediate  in  their 
eflfect.  The  most  obvious  of  these  are :  hunger,  perception  of 
the  odor  of  the  food,  curiosity,  normal  activity  (the  obverse  of 
curiosity)  and  the  instinctive  special  trait  of  following  out  tortu- 
ous passages — a  definite  rat-hole  consciousness  that  acts,  as  it 
were.thygmotactically.  These  factors,  with  the  inhibitive  balance- 
spring  of  timidity,  firmly  rooted  and  deeply  toned  emotionally, 
constitute  the  relatively  stable  background  of  consciousness 
over  which  play  the  lights  of  the  perceptive  and  discriminative 
processes  as  the  animal  proceeds  with  the  task.  The  rat,  when 
he  enters  the  maze,  is  psychically  a  confused  complexus  of  these 
factors.  No  one  of  them  looms  high  above  the  others  in  the 
wave  of  consciousness.  Attention  is  dispersed;  perhaps,  better, 
distraction  prevails.  Nevertheless,  '  experimental  reasoning  ' 
begins  at  once.  The  animal  keeps  constantly  moving;  but  his 
activity  at  this  stage  is  evidently  sensori-motor  (or  organo- 
motor).  Motive  in  the  sense  ofideated  end  is  absent.  The  nearest 
approach  to  this  is  the  possible  idea  of  a  definite  kind  of  food 
incident  to  the  perception  of  the  familiar  food-odor.  This  is  not 
impossible.  On  the  other  hand  the  effect  on  consciousness  may 
be  only  an  intensification  of  the  hunger  psychosis  resulting  in 
an  increase  of  motor  activity.  However  this  may  be  it  proba- 
bly is  the  animal's  instinctive  fondness  for  following  out  devious 
ways  his,  thygmotactic  rat-hole  psychosis,  rather  than  the  smell 
of  the  food  that  gives  determinateness  to  his  movements  at  first. 
Were  this  trait  less  imperative,  the  rat,  when  he  comes  near  the 
food  {e.  g.,  at  e')  would  become  the  victim  of  his  hunger  and 
his  perception  of  the  position  of  the  food — for  the  food  at  this 
point  could  be  located  by  smell — and  wotild  spend  himself 
stupidly  in  endeavoring  to  force  an  entrance.  In  general,  how- 
ever, he  soon  passes  on,  going  directly  away  from  the  Canaan  of 
his  desire.^     Failure  to  get  through  by  gnawing  and  digging, 

1  Occasionally  one  does  just  this  stupid  thing.     Cases  were  noted  in 
passing. 
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quickly  results  in  a  wavering  aud  dispersion  of  attention.  Con- 
coraitantl}'  the  perception  of  the  odor  relapses  into  the  margin 
of  consciousness,  and  the  instinctive  motor  tendency  at  this 
juncture  reasserts  itself  as  the  focal  and  directive  influence.^ 
The  first  success  then  may  be  set  down  as  the  accidental  issue 
of  a  trial  and  error  series,  motivated  by  hunger  and  curiosity, 
mediated  by  the  sense  of  smell  and,  more  largel}',  by  this 
instinctive  motor  trait,  and  consummated  by  the  pleasure  of  hun- 
ger satisfied.  And  yet  the  term  accidental  must  be  used  with 
reservations.  The  rats  of  this  series,  and  of  all  others  in  their 
first  trial,  seemed  to  profit  at  once  hy  experience.  By  this  I  mean 
that  after  they  had  made  an  error  once  or  twice,  though  they 
had  not  yet  succeeded  in  reaching  C,  the}^  would  hesitate  or  even 
avoid  the  error  when  going  over  the  ground  a  second  time.  For 
example,  rat  A  went  only  a  few  steps  into  j  the  second  time  he 
reached  that  place,  and  avoided  6  and  7  completely.  A  glance 
at  the  record  of  the  first  experiment  will  make  this  perfectly 
clear.  Such  cases  may  be  attributed  to  pure  chance;  the  con- 
duct of  the  rat,  his  hesitation  more  than  his  avoidance  of  the 
error,  indicates,  rather,  recognition  and  selection. 

It  will  be  remembered  that  the  rats  have  the  entire  night 
each  time  for  exploration  of  the  maze.  This  results  in  remark- 
able improvement  in  the  second  trial.  In  the  succeeding  ex- 
periments the  improvement  is  continuous  in  the  elimination  of 
errors  and  in  the  increase  in  definiteness  and  speed.  The  rats 
soon  acquire  a  practicall\'  perfect  knowledge  of  the  maze,  so 
that  the}-  can  make  the  journe}'  quicklj'  and  accurately  when 
they  want  to  do  so,  or  stroll  about  as  they  list. 

How  explain  this  improvement?  What  does  '  profiting  by 
chance  experience'  mean  in  this  instance?  how  is  it  assimilated 
and  how  utilized  ? 

Doubtless  one  factor  in  the  process  is  the  memory  of  the 
pleasant  experience  at  the  end.  In  addition  to  the  undirected 
and  undifferentiated  motive  of  hunger  and  the  motor  trait  of 
the  first  trial,  there  is,  in  the  second,  a  dimly  ideated  end  which 
probably  becomes  progressively  clearer  in  the  subsequent  ex- 
perience. But  the  essential  point  is  certainly'  the  recognition 
of  the  critical  points  along  the  way  and  the  discrimination  of 

^  With  several  subjects  the  odor  stimulus  was  done  away  with  entirely 
to  see  whether  they  would  make  the  first  journej-  to  C  as  well  as  the 
rats  that  had  that  stimulus.  No  appreciable  difference  was  shown  either 
in  time  or  number  of  errors.  The  rats  followed  out  the  maze  to  the  end, 
C,  just  as  perseveriugly  as  if  the  food  had  been  there  dispensing  its 
savory  solicitations.  The  expected  did  happen,  however,  in  respect 
to  learning  the  direct  way  to  C.  They  made  little  progress  in  five  or 
six  trials.  As  there  was  no  pleasant  association  at  the  end  of  the 
journey  there  was  nothing  to  determine  the  building  up  of  this  definite 
association  train. 
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the  divergent  paths  at  these  points,  leading  to  purposive  selection 
of  the  right  path.  The  nieniory  of  the  pleasant  experience  at 
the  end  would  be  of  slight  avail,  if  the  rats  did  not  recognize 
the  critical  points  and  discriminate  and  select  their  paths.  The 
animal  begins  by  going  right  and  wrong  wholly  by  chance. 
After  a  few  trials  he  comes  to  recognize  the  doubtful  places, 
and  hesitates  when  he  comes  to  them,  undecided  which  way  to 
take.  The  external  signs  of  indecision  vary  between  stand- 
ing still  as  if  trying  to  think  which  way  to  go,  and  abortive 
starts  each  way.  Sometimes  to  these  is  added  standing  up  and 
sniffing  in  the  usual  manner  of  orientation.  This  movement 
seldom  was  observed  after  the  first  two  or  three  experiments,  /.  e., 
after  the  dilemma  began  to  be  clearly  felt.  At  this  stage,  the 
choice  of  path  is  still  about  as  often  wrong  as  right.  The  dis- 
tinguishing accidentia  are  acquired  gradually.  Progress  in 
discrimination  is  marked  b}'  decrease  of  hesitation  and  in  more 
frequent  choice  of  the  right  path.  The  path  chosen  often  is 
pursued  doubtfully.  If  the  wrong  one  is  chosen,  the  error  fre- 
quently is  retrieved  after  a  few  steps;  if  it  is  followed  to  the 
end  the  return  is  made  swiftly  and  the  right  path  is  taken  con- 
fidently. In  the  final  stage,  errors  and  hesitation  drop  out 
entirely.  The  right  path  is  followed  from  start  to  finish  without 
attention  to  specific  points  eji  route. 

It  should  be  noted  that  the  learning  was  slowest  in  con- 
nection with  o,  X,  and  4.  The  persistent  confusion  at  0  is  at- 
tributable probably  to  its  being  at  the  entrance  of  the  maze. 
At  this  point  there  is  a  maximum  of  affective  excitement.  The 
momentum  of  association  has  to  be  gathered  as  the  animal  goes 
along  in  the  familiar  path.  In  a  remote  way  it  may  be  likened 
to  the  stumbling  and  groping  of  an  orator  at  the  beginning  of 
a  familiar  theme.  The  suggestion  that  the  rats  might  have  a 
penchant  for  right  as  opposed  to  left  was  found  baseless  by  the 
use  of  the  reversed  maze.  A  definite  memory  of  direction 
seems  to  be  required.  The  .slower  discrimination  at  x  and  4. 
was  due  doubtless  to  the  fact  that  wrong  choice  at  these  points 
consisted  in  taking  the  roundabout,  rather  than  the  direct  path. 
Strictly  speaking  there  was  no  error.  In  all  the  other  cases,  taking 
one  path  was  associated  ultimately  with  success;  taking  the 
other,  with  failure — disappointment.  In  these  cases  the  asso- 
ciation would  seem  to  be  between  path  and  distance. 

In  such  cases  profiting  by  experience  manifestly  involves  the 
processes  of  recognition,  discrimination  and  choice.  If  the 
problem  .set  were  merely  the  selection  of  one  effective  movement 
out  of  several  haphazard  movements,  as  was  the  case  with  the 
puzzle-box  experiments  reported  by  Dr.  Thorndike^  and  my- 

^Loc,  cit. 
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self/  then  the  profiting  by  experience  could  be  accounted  for  by 
the  fading  away  of  the  useless  movements.  They  would  drop 
oflf  like  dead  branches  from  a  tree,  of  their  own  weight.  They 
would  be  associated  with  nothing — either  positively  or  nega- 
tively. The  right  movement  would  be  selected  naturally.  In 
the  present  case,  however,  two  direct  associations  are  formed 
and  discriminated  between,  and  the  advantageous  one  selected. 
Recognition  of  the  critical  places  is  equivalent  to  doubt  as  to 
the  right  path.  This  doubt  is  the  correlative  in  consciousness 
of  the  struggle  between  the  two  associations  or  'constructs.'^ 
The  positively  useless  or  the  less  advantageous  association  does 
not  fall  awaj^  mechanically,  but  only  in  virtue  of  discrimination 
between  the  two  constructs,  and,  finally,  the  conscious  selection 
of  the  right  one.  In  such  a  case  as  that  of  choice  at  x  if  the 
animal  did  not  consciously  select,  there  could  never  be  anj^  fixed 
association;  consequently  never  any  habitual  reaction.  Both 
ways  lead  to  success.  In  a  suflBcient  number  of  trials  the  theory 
of  probabilities  would  require  an  equal  number  of  selections  of 
each  path.  But  the  short  road  is  soon  habitually  selected,  just 
as  is  the  right  path  at  other  critical  points.  There  is  involved 
an  elementar}'  form  of  comparison  and  judgment;  for  compari- 
son, judgment  and  reflection,  even,  are  present  in  embryo.  They 
all  take  their  rise  in  the  struggle  of  ideas  and  images,  and  lower 
down  of  '  constructs,'  which  "  gives  in  animal,  as  in  man,  the 
illusion  of  choice  and  free  intelligence. ' ' 

Modalities  of  Sensation. 

This  section  is  an  attempt  to  appreciate  the  role  of  the  diflFer- 
ent  sense-modalities  in  learning  the  task. 

The  conditions  of  the  experiment  were  such  as  to  exclude 
any  very  direct  influence  of  taste  and  hearing.  Taste  giv'es  only 
a  pleasurably -toned  experience  at  the  end,  the  significance  of 
which  has  been  noted.  The  influence  of  hearing  is  limited  to 
occasioning  affective  variations.  Neither  gives  an\-  data  for  solv- 
ing particular  difficulties. 

Smell.  The  sense  of  smell  might  be  supposed,  h  priori,  to 
play  the  leading  role,  but  in  the  present  case  its  claims  to  pri- 
macy are  doubtful. 

In  the  preceding  section  it  has  been  shown  that  the  location 
of  the  food  \iy  odor,  and  hence  the  end  to  be  reached,  was  an 
unimportant  factor.  In  fact,  it  is  improbable  that  olfactory'  sen- 
sation per  se  has  much  greater  spatial  significance  with  animals 
than  with  man.  In  general,  animals  perceive  direction  of  odors 
only  with  the  aid  of  air  currents.  The  perception  is  quite  as 
much  tactual  as  olfactory. 

'^Loc.cit.  2^]yjorgan:    Comparative  Psychology. 
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It  is  even  clearer  that  the  trail  of  the  first  accidental  success 
was  not  followed  subsequently  by  scent.  In  the  first  trial  the 
rats  invariably  traversed  practically  all  the  galleries;  and,  after 
appeasing  their  hunger  a  little,  carefully  investigated  the  entire 
maze.  It  would  be  impossible,  therefore,  for  tliem  to  select 
the  right  path  by  scenting  the  trail.  Again,  the  second  rat 
frequently  turned  aside  from  the  route  marked  out  by  his  imme- 
diate predecessor;  either  he  was  not  following  the  trail  or  he 
could  not  discriminate  the  fresh  trail  from  one  a  day  old.  Fur- 
ther, the  recognition  of  critical  points,  and  the  fact  that  the  rats 
frequenth'  ran  long  distances  with  heads  up — e.  g.,  when  car- 
rying food — are  evidence  against  the  supposition.  These  facts 
together  are  sufiicient  to  throw  the  theory  out  of  court. 

The  conclusion  is  drawn  for  the  present  case  only.  It  is  per- 
fectly apparent  that  animals  of  this  class  do  follow  trails  by 
scent  in  the  right  circumstances.  These  facts  point  to  the 
complexity  and  variety  of  the  animal  mind,  and  are  a  warning 
against  naively  accepting  'simplest  explanations.' 

Another  possibility  in  regard  to  smell  is  that  particular  points 
in  the  maze  may  have  been  associated  with  definite  peculiarities 
of  odor.  The  constant  sniffing  and  extensive  olfactory  investi- 
gations of  the  rats  lend  color  to  this  thought.  The  experience 
thus  acquired,  may,  however,  influence  only  the  affective  tone — 
connect  directly  with  the  emotional  tendencies  which  determine 
the  animal's  conduct.  Such  a  relation  is  indubitable.  I  found, 
for  example,  that  putting  rats  perfectly  familiar  with  the  task, 
into  a  new  maze,  differing  from  the  one  learned  only  in  newness, 
threw  them  into  extreme  emotional  excitement.  They  acted 
as  though  the  task  were  absolutely  new  to  them.  They  were 
curious,  timid,  and  hesitant;  errors  were  as  frequent  as  in  their 
introductory  trial.  After  finding  the  food,  they  continued 
eagerly  exploring  and  re-exploring  the  maze.  As  soon,  how- 
ever, as  they  had  become  familiar  with  the  new  odors,  their 
former  facility  returned;  they  made  the  journey  as  quickly  and 
accurately  as  before.  This  would  not  have  occurred,  had  it 
been  necessary  for  them  to  establish  a  new  series  of  smell- 
position-direction  associations.  The  inference  is  clear  that 
the  efi"ect  of  smell  sensations  is  general  and  emotional,  rather 
than  that  delicate  and  discrete  associations  of  odors  with  special 
positions  are  set  up.  The  point,  however,  is  not  absolutely 
secure.  Probably  more  conclusive  evidence  might  be  obtained 
by  testing  rats  with  olfactory  nerves  paralyzed. 

Sight.  Sight  is  much  less  relied  upon,  and,  relatively, 
much  less  acute  than  smell  and  hearing — the  pS3-chic  organs 
respectively  of  food-getting  and  defence.  This  corresponds 
with  the  poor  development  of  the  eye  and  optic  nerve.  ^ 

^The  eye  of  the  wild  brown  rat  is  better  developed  than  that  of  the 
white  rat,  but  the  two  rats  varied  slightly  in  their  conduct  in  the  maze. 
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Several  tests  were  made,  the  results  of  which  indicated  that 
visual  perception  played  no  part  in  the  processes  of  recognition 
and  discrimination. 

1.  It  was  suggested  to  me  that  the  direction  of  light,  by- 
analogy  with  lyubbock's^  experience  with  ants,  might  be  a  fac- 
tor in  the  chance  of  path.  Lubbock  found  that  ' '  when  the  direc- 
tion of  the  light  was  changed,  but  everything  else  left  as  before, 
out  of  seven  ants,  five  were  deceived  and  went  in  the  wrong 
direction."  (This  was  after  they  had  learned  their  path  per- 
fecth',  of  course.)  Fortified  by  further  experimentation,  Lub- 
bock concludes  that  "in  determining  their  course  the  ants  are 
greatly  influenced  by  the  direction  of  the  light." 

As  the  rats  did  most  of  their  exploring  in  the  dark,  and  as 
the  brightness  element  is  only  one  factor  in  the  visual  datum, 
not  the  total  datum  as  with  the  insect,  it  was  improbable  that 
this  factor  should  be  very  influential.  Nevertheless,  it  was  made 
a  matter  of  experiment.  Tests  were  made  by  having  the  rats 
learn  the  path  perfectly  with  the  direction  of  the  light  constant. 
The  light  was  then  transferred  to  the  opposite  side  for  a  few 
trials;  after  which,  it  was  alternated  at  unequal,  though  fre- 
quent, intervals.  The  results  were:  (i)  In  most  cases,  change 
of  direction  of  the  light  seemed  to  produce  a  very  slight  effect 
upon  certainty  and  celerity  of  movement;  but  hardly  more  than 
might  occur  as  normal  variations  under  constant  conditions.  (2) 
Some  subjects  showed  absolutely  no  effect.  (3)  After  the  first 
change  the  alternation  produced  no  effect.  This  shows  that  the 
effect  when  it  occurred  was  merely  a  slight  affective  disturb- 
ance— a  retardation,  not  a  change  of  the  cognitive  process. 
Plainly  this  is  a  very  minor  factor. 

2.  A  partial  test  of  the  part  played  by  sight  in  the  recognition 
and  discrimination  necessary  to  the  formation  of  special  associa- 
tions at  critical  points  was  made  as  follows:  At  all  such  points, 
bright  red  posts,  ^  inch  diameter,  were  placed  in  the  middle 
of  the  right  path  a  few  inches  beyond  the  dividing  of  the  ways. 
When  the  rats  had  learned  the  path  perfectly  the  posts  were 
removed.  Two  rats  only  were  tried,  the  results  being  nil. 
These  rats  did  not  learn  the  path  more  quickly;  nor  did  they 
exhibit  the  slightest  variation  in  conduct  after  the  posts  were 
removed.  It  is  tolerabl}^  clear  that  visual  data,  if  effective,  must 
be  of  a  more  general  character.  The  animal  does  not  hang  his 
association  upon  a  gross  and  obvious  object.^ 

3.  Another  method  of  partial  experiment  suggesting  itself  was 
to  blindfold  the  rat  after  he  had  learned  the  path.    The  evident 

1  Lubbock  :     Ants,  Bees,  and  Wasps,  p.  267  ff.    (6th  Ed.). 

^It  is  improbable  that  the  action  had  become  so  habitual  as  to  dis- 
pense with  what  w-as  at  first  a  determining  factor  in  the  formation  of 
the  association. 
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objection  to  this  plan  is  that  it  would  change  completely  the 
conditions  of  attention  and  emotion.  If  the  subject  blundered  and 
failed  nothing  would  be  proved.  If  he  did  his  work  about  as  well 
as  before  there  would  be  a  negative  demonstration  of  the  slight 
importance  of  visual  perceptions;  7iot,  however,  of  visual  se?isa- 
tion,  for  its  eiTect  might  still  be  present  as  visual  images  co-op- 
erating in  the  mental  process. 

Fortunately,  nature  stepped  in  and  performed  a  conclusive 
experiment  for  me.  A  number  of  my  rats  came  to  me  with  dis- 
eased eyes.  Before  I  discovered  this,  two  of  them,  an  adult 
male,  X,  and  a  young  female  (about  10  weeks  old),  Y,  had 
become  blind.  I  had  already  started  them  learning  the  maze, 
with  two  others,  when  I  noticed  their  blindness.  After  the  fifth 
experiment  they  were  totally  blind.  In  the  first  two  experi- 
ments distinct  impressions — if  white  rats  have  such — may  have 
been  possible  to  X;  and  brightness  sensation  until  the  fifth. 
Rat  Y  may  have  had  brightness  sensations  in  the  first  two 
experiments,  but  not  later.  At  this  time  the  general  health, 
vigor  and  temperament  of  these  rats  were  unaffected  by  their 
malady. 

The  results  of  the  experiments  with  these  blind  rats  were  so 
striking  that  I  give  them  somewhat  fully.  Until  after  the  ninth 
trial,  the  two  normal  rats  were  continued  with  the  blind  ones. 
The}'  were  then  removed,  and  thirteen  more  experiments  were 
made  with  the  blind  ones.  Following  that,  the  latter  were  tried 
in  the  reversed  maze.  The  blind  rats  learned  the  original  task 
as  well  as  the  normals — all  the  normals  experimented  with. 
Rat  X  in  this  case  learned  the  path  before  either  of  his  nor- 
mal companions.  In  Exps.  5  and  6  he  was  first  to  C,  and 
made  fewest  errors.  In  Exp.  7  he  made  the  round  in  50 
seconds,  without  error,  and  with  slight  hesitation  at  two  points 
only.  In  the  succeeding  15  experiments  he  showed  practically 
perfect  acquaintance,  though  occasionally  making  errors.  His 
conduct  in  the  maze  did  not  differ  materially  from  that  of  nor- 
mal rats.  He  ran  in  the  middle  of  the  galleries,  rounded  the 
corners  quickly  and  precisely,  and  carried  on  the  usual  investi- 
gations. At  critical  points  there  were  the  same  hesitation  and 
indecision  manifested  as  with  the  normals,  by  alternately  turn- 
ing each  way  as  if  stayed  in  the  grasp  of  conflicting  images. 
Occasionally  he  would  nose  along  the  several  sides  before  start- 
ing on  again.  This  probably  was  not  a  direct  means  of  ascer- 
taining the  way,  for,  later,  I  cut  off  his  feelers,  also  those  ot 
some  normals,  without  any  effect  upon  their  ability  to  find  their 
way. 

The  results  with  Rat  Y  were  even  more  interesting,  as  she 
was  certainly  totally  blind  after  Exp.  2.  She  was  some- 
what longer  in  learning  the  way  than  X  and  the  normals.     At 
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first  she  was  slow  and  difi&dent  in  starting,  and  less  facile  in 
getting  about;  she  ran  somewhat  gropinglj',  and  frequently 
almost  bumped  into  the  ends  of  the  galleries.  These  defects 
soon  wore  off,  and  she  kept  her  path  and  rounded  the  corners 
as  nicely  as  the  others.  Certain  errors,  however,  clung  per- 
sistently, notably  at  2  and  j.  After  Exp.  3,  she  had  little 
difficulty  beyond  J.  Until  Exp.  11,  she  went  each  time  to  the 
end  of  2  and  j  as  mechanically  as  if  these  were  essential 
stages  of  the  journey.  I  began  to  wonder  whether  the 
habit  was  so  firmly  fixed  as  to  defy  the  benefit  of  chance 
experience.  In  Exp.  12,  however,  2  was  dropped  out;  in  Exp. 
13,  3  was  dropped,  but  2  reinstated.  In  Exp.  15,  2  and  j  were 
finally  eliminated,  and  did  not  reappear.  In  the  last  7  experi- 
ments she  made  no  errors  and  seldom  hesitated  or  showed  inde- 
cision. This  blind  rat  thus  eliminated  errors  that  had  become 
almost  automatically  habitual.  The  experiments  with  the 
reversed  maze^  gave  the  only  suggestion  of  importance  of  the 
visual  factor.  The  blind  rats  when  first  put  into  the  reversed 
maze  were  more  disoriented  and  confused  than  the  normals. 
Not  until  Exp.  3  did  X  succeed  in  getting  to  C.^  The  normals, 
on  the  contrary,  seemed  to  have  profited  by  their  experience 
with  the  other  maze.  They  made  better  time,  fewer  errors,  and 
showed  less  indecision  than  in  the  first  experiment  in  Maze  I. 
They  fell  off  badly,  however,  in  the  second  trial.  The  dis- 
crepancy between  the  blind  and  the  normals  quickly  disap- 
peared; in  Exp.  5  the  blind  rat  did  as  well  as  the  normals.  So 
also,  in  the  successive  alternations  of  the  mazes,  the  blind  rat 
perfected  his  distinct  knowledges  of  the  two  as  quickly  as  the 
normals. 

This  slight  superiority  of  the  normal  rats,  however,  does  not 
seem  to  me  to  mean  that  visual  data  exerted  a  determining 
influence.  Rather,  with  the  blind  rats  the  motor  element  was 
so  exclusive  in  the  reproductive  process  as  to  make  readapta- 
tion  proportionately  more  difiicult.  With  the  normals  sight, 
though  probably  contributing  no  determining  data,  served  to 
distract  attention  from  the  established  reproduction.  Sight  cer- 
tainly is  not  a  sine  qua  no7i  in  the  process  of  experimental  rea- 
soning incident  to  these  experiments.  Its  service  is  superficial, 
and  may  be  dispensed  with  almost  without  loss.  Its  office  in 
the  essential  processes  of  recognition  and  discrimination  is  hardly 

^The  method  of  experimentation  was  to  transfer  the  subject,  after 
he  had  mastered  the  original  maze,  to  the  reversed  form — i.  e.,  right 
and  left  interchanged.  After  this  reversed  form  was  learned  the  rat 
was  returned  to  Maze  I.  The  mazes  then  were  alternated  till  both 
were  learned  perfectly. 

2  Rat  I'died  in  Exp.  3,  so  these  data  are  from  observations  of  Rat  X. 
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appreciable.     Its  forces  are  deployed  in  the  background  of  con- 
sciousness; they  do  not  get  into  the  forefront  of  action. 

By  this  process  of  elimination  the  conclusion  emerges  that 
the  tactual  motor  sensations  furnish  the  essential  data  for  the 
recognition  and  discrimination  involved  in  forming  the  special 
associations  at  critical  points.  How  the  animal  recognizes  criti- 
cal points  it  is  impossible  to  say.  The  most  reasonable  suppo- 
sition is  that  in  the  gradual  formation  of  the  motor  memory  of 
the  entire  course,  at  the  established  distance-intervals,  the  con- 
flicting images  of  turning  in  one  direction  or  the  other  spon- 
taneously arise,  resulting  in  indecision — the  sign  of  recognition. 
There  is  some  positive  evidence  in  support  of  a  distance  quality 
in  the  animal's  image  to  be  remarked  below.  The  machinery  of 
discrimination  seems  tolerably  clear.  In  any  given  case  it  con- 
sists of  direct  association  of  the  motor  image  of  turnino;  i?i  one 
directio7i  with  success,  and  the  motor  image  of  turning  in  the 
other  direction,  with  failure.  This  is  the  explanation  in  the 
cases  where  one  alternative  is  a  blind  alley.  In  the  cases  where 
the  alternatives  are  longer  and  shorter  we  have  to  suppose  an 
association  between  direction  and  distance;  between  turning  in 
one  direction  and  the  distance  traversed  or  the  time  coyisumed. 
Perhaps  the  qualit}'  is  temporal  rather  than  spatial;  or  indeed  it 
ma}^  be  that  the  temporal  and  the  spatial  qualia  of  this  modality 
of  sense  are  undifferentiated  in  the  lower  animals.  The  positive 
evidence  of  the  distance  quality  noted  above  appears  in  the  fact 
that  the  rats  quickly  adopt  the  shorter  road  where  there  is 
choice  of  longer  or  shorter.  It  has  been  pointed  out  that  all  the 
rats  experimented  with  learned,  sooner  or  later,  to  take  the 
shorter  road  at  x.  Inasmuch  as  both  roads  lead  to  Rome  it  is 
difficult  to  see  why  the  shorter  one  invariably  should  be  selected, 
unless  it  is  known  as  shorter,  or,  in  other  words,  unless  quicker 
satisfaction  is  associated  with  this  path  than  with  the  other.  It 
is  equally  difficult  to  see  in  what  terms  this  association  could  be 
mediated  other  than  those  suggested — a  distance  or  temporal 
idea  in  tactual-motor  terms. 

The  fact  of  the  invariable  adoption  of  the  '  shorter  circuit ' 
was  brought  out  more  clearly  and  forcibly  by  a  special  test.  A 
normal  and  the  blind  rat  JV' were  used.  Both  had  been  familiar 
with  both  mazes  (direct  and  reversed)  for  weeks.  Their 
knowledge  was  as  nearl}^  automatic  as  possible.  A  path  was 
opened,  then,  between  d  and  /^,  by  cutting  the  walls  at  w  and  z. 
A  large  part  of  the  first  (left)  half  of  the  journe}^  thus  was  cut 
out. 

In  the  first  trial  (normal  rat)  the  rat  went  automatically  via 
the  old  route — paid  no  attention  to  the  new  one.  He  likewise 
went  directly  by  the  opening  at  z  when  he  came  up  from  e.  In 
the  next  trial,  however,  he  took  the  new  path  unhesitatingly 
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through  w  and  2,  and  turned  correctly — z.  e. ,  to  the  right — at 
h.  In  the  third  trial  he  took  the  new  path,  turned  correctly  at 
h,  then  paused  and  went  half  way  to  e;  paused  here  again, 
made  several  abortive  movements  each  way,  but  finally  turned 
correctly  and  went  forward  to  C  with  confidence  and  speed.  In 
the  next  two  trials  the  right  association  became  pretty  well 
fixed;  the  new  route  was  learned  perfectly  and  the  old  aban- 
doned. 

The  conduct  of  the  blind  rat  was  really  striking.  In  the  first 
trial  he  did  not  notice  the  new  path.  In  the  second,  however, 
he  selected  it  after  brief  hesitation.  The  experience  of  the  pre- 
ceding night  w^as  thus  strikingly  effective.  Singularly  enough, 
he  perfectly  acquired  the  new  association  more  quickly  than  the 
normals.^  After  the  second  trial  he  rarely  went  astray.  In  all 
three  cases,  however,  the  old  habit  was  quickly  broken,  and  a 
new,  more  advantageous  one  established.  This  preference  for 
the  shorter  path  is  difficult  to  explain  except  upon  the  suppo- 
sition that  the  path  is  known  as  shorter.  To  charge  it  up  to 
the  animal's  "  short-circuiting  tendency,"  or  his  "  tendenc}'  to 
eliminate  useless  movements ''is  to  beg  the  question.  Unless 
the  advantage  of  the  new  path  over  the  old  is  known  in  some 
way  the  old  habit  would  persist  simph'  in  virtue  of  its  own 
inertia.  Again  we  cannot  speak  of  a  direct  connection  between 
hirnins:  in  one  direction  and  satisfaction;  no  such  association  is 
formed  directly.  A  direct  association  is  admitted;  but  it  is  formed 
only  after  experience  with  both  paths,  and  deliberation  often 
repeated  between  them.  It  is  difficult  to  see  what  the  associa- 
tion turns  upon,  if  not  upon  distance-direction  ideas  of  motor 
origin. 

Why  should  not  the  repetition  of  the  same  motor  expenditure 
establish  in  the  psychophysical  organism  a  path,  the  conscious 
concomitant  of  which  is  capable  of  being  discriminated  from 
similar  feelings  of  other  expenditures,  and  capable  of  reproduc- 
tion under  appropriate  conditions? 

The  chief  obstacle  in  the  way  of  realizing  to  ourselves  the 
existence  and  character  of  such  representations  as  those  sug- 
gested above  is  our  lack  of  experience  with  pure  tactual-motor 
ideas.  It  is  a  pertinent  illustration  of  the  influence  of  psj'cho- 
physical  limitation.  We  recognize  that  tactual-motor  experience 
is  fundamental  in  our  own  spatial  perception;  but  it  is  so  grown 
over  and  obscured  by  visual  experience  that  it  is  next  to  impos- 
sible for  us  to  realize  in  ourselves  a  pure  tactual-motor  image. 
No  fusion  of  elements  is  more  complete  than  this.  The  imper- 
fect isolation  we  are  able  to  give  the  tactual-motor  element  in 

^A  second  normal  was  tried  with  results  essentially  the  same  as  ob- 
tained with  the  other. 
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our  own  representations  helps  us,  however,  to  imagine  the  pure 
idea  of  this  kind.  I  observe  that  my  own  representation  of  the 
course  through  the  maze  is  strongly  motor.  I  find  it  just  as 
impossible  to  see  the  course  as  a  static  visual  image  as  to  abstract 
the  motor  image  from  the  interfused  visual  elements.  I  can 
alternately  make  one  or  the  other  focal,  though  the  motor  seems 
less  real  than  the  visual.  This  imperfect  and  mongrel  tactual- 
motor  experience  of  ours  gives,  however,  a  remote  suggestion 
of  the  quality  and  feeling  of  such  ideas  in  their  pure  condition. 
When  we  consider  the  clearness  and  definiteness  of  the  spatial 
ideas  of  the  blind  deaf-mutes  it  ought  not  to  be  very  difficult  to 
conceive  that  an  animal  of  poor  visual  endowment,  or  of  semi- 
subterranean  habits  of  life,  may  do  a  large  part  of  his  thinking 
in  tactual-motor  terras;  and  that  the  content  may  have  a  clear- 
ness and  fullness  of  meaning  hard  for  our  visually  over-slaughed 
minds  to  appreciate.  With  no  feature  of  this  study  have  I  been 
so  impressed  as  with  the  possibilities  it  reveals  of  thinking  in 
motor  or  tactual-motor  terms. 

In  carrying  on  this  study  I  have  profited  greatly  by  aid  and 
suggestions  from  many  persons,  and  also  from  many  books.  I 
wish  especially  to  express  my  indebtedness  to  Dr.  E.  C.  San- 
ford  for  the  initial  suggestion,  for  ample  laboratory  facilities, 
and  for  continued  interest  and  helpful  criticism;  to  Dr.  L.  W. 
Kline  for  practical  suggestions;  to  President  Hall,  and  the  mem- 
bers of  his  seminary,  for  salutary  and  stimulating  criticism. 
The  published  works  which  I  have  found  most  helpful  are  those 
of  Professors  Lloyd  Morgan,  Wesley  Mills,  and  Edward  Thorn- 
dike,  and  the  Exanien  psychologiqtie  des  animatix  of  M.  Pierre 
Hachet-Souplet. 


A  COMPARISON  OF  JUDGMENTS  FOR  WEIGHTS 
LIFTED  WITH  THE  HAND  AND  FOOT. 


A.  J.  KiNNAMAN,  Fellow  in  Clark  University. ^ 


Introductory. 


This  series  of  experiments,  begun  in  October,  1899,  was  un- 
dertaken for  the  purpose  of  determining  the  relative  sensibility 
for  "  lifted- weights  "  through  large  and  small  muscles.  At 
first  attempts  were  made  to  use  the  large  muscles  of  the  leg  and 
a  flexor  muscle  of  one  of  the  fingers.  That  selection  of  muscles 
was  soon  abandoned  because  of  the  extreme  difficulty,  if  not 
impossibility,  of  experimenting  with  the  two  muscles  under 
anything  like  similar  conditions.  Finally  it  was  decided  to  use 
the  hand  and  foot  as  involving  in  a  general  way,  large  and 
small  muscles.  This  then  turns  away,  in  part,  from  the  origi- 
nal problem,  but  still  involves  the  original  to  the  extent  that 
the  muscles  of  the  leg  are  larger  than  than  those  of  the  arm. 
Though  suggestive,  the  experiments  are  in  no  wise  conclusive 
as  to  the  large  and  small  muscle  problem.^ 

After  various  attempts  to  eliminate  the  weight  of  the  arm  and 
leg,  partly  or  wholly,  this  idea  also  was  abandoned.  It  was 
taken  up,  however,  in  a  second  series  of  4,500  tests  not  reported 
in  this  paper.  The  following  is  a  report  on  9,000  of  the  total 
18,000  tests  made.  It  is  hoped  that  there  is  here  furnished  a 
reasonably  safe  answer  to  the  question  implied  in  the  title  of 
the  paper,  at  least  for  one  reagent. 

The  "standard  weights"  selected  for  this  series  of  experi- 
ments are  nine:  100,  400,  800,  1,200,  1,600,  2,000,  2,400,  2,800, 
and  3,200  grams  respectively.  Upon  testing,  the  last  weight 
proved  to  be  about  one-fourth  of  the  reagent's  maximum  lift 
with  the  outstretched  arm.  The  maximum  lift  for  the  leg 
proved  to  be  about  equal  to  that  of  the  arm. 

It  was  at  first  the  intention  to  include  larger  standards  up  to 

^This  paper  was  prepared  as  a  thesis  for  the  A.  M.  degree  at  Indiana 
University.  The  experiments  were  made  under  the  direction  of  Dr. 
W.  L.  Bryan.  Valuable  suggestions  have  been  given,  also,  by  Dr.  J.  A. 
Bergstrdm,  Dr.  Sanford  and  Dr.  Hall. 

''Bernhardt  experimented  incidentally  with  large  and  small  muscles 
in  a  study  of  "  Muscular  Sense."  Archiv.  f.  Psychiatric,  III,  cited  by 
Ferrier's  Functions  of  the  Brain,  p.  391. 
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6,400  grams,  that  is,  to  one-half  of  the  maximum  lift.'  But  the 
larger  weights  could  not  be  experimented  with  extensively, 
without  excessive  fatigue  or  even  physical  injury.  The  like- 
ness of  this  scheme  to  Fechner's  makes  comparisons  of  results 
practical  and  suggestive. 

Jaccoud,^  Leyden,^  Bernhardt,*  Sunkel,'^  and  Hitzig*'  have 
made  experiments  on  weights  lifted  by  the  foot.  In  Jaccoud's 
tests  twenty-four  ataxic  patients  lifted  weights  ranging  from 
100  to  3,000  grams  to  determine  whether  such  patients  could 
recognize  weight,  and  to  some  extent  the  diflfereuces  of  weight 
which  might  be  recognized  by  them. 

Leyden,  Bernhardt  and  Hitzig  experimented  with  normal 
reagents  by  the  method  of  "Just-observable  Differences." 

As  yet  no  very  extensive  experiments  have  been  made  with 
foot-lifting,  and  none  to  compare  accuracy  of  judgment  through 
hand  and  foot  in  the  same  normal  reagents,  so  far  as  I  know. 

Apparatus. 

The  apparatus  usually  employed  in  lifted-weight  experiments 
could  not  be  used  here.  Fechner  and  Miiller  used  essentially 
a  rectangular  base,  from  the  corners  of  which  brass  rods  ex- 
tended upwards.  These  met  in  pairs  at  the  ends,  and  were 
connected  across  by  a  wooden  handle  like  that  of  a  bucket  bail. 
The  weights  were  placed  in  the  bottom  of  this  rigid  frame. 
While  admirably  suited  for  hand-lifts,  this  apparatus  could  not 
be  used  for  the  foot,  but  the  lower  portion  of  it  could  have  been 
employed,  doubtless,  to  some  advantage.  This  is  true  espe- 
cially of  the  method  of  arranging  the  weights  and  their  respect- 
ive instruments,  Zusaizgewichte.  In  Fechner's  apparatus  this 
increment  was  placed  in  a  small  box  which  in  turn  was  set  into 
an  opening  in  the  center  of  the  base.  Thus  every  portion  of 
his  apparatus  was  firm  and  rigid. 

lycyden  in  his  foot-tests  had  a  kind  of  pocket  fastened  to 
a  band  which  hung  over  the  instep.  The  weights  were  put 
into  this  pocket.  Hitzig  had  the  heel  of  a  stocking  sag  down- 
wards pocket-shaped  and  put  the  weights  in  this. '  Bernhardt's 
reagent  lay  on  his  back  and  had  a  band  around  the  instep  of  the 
foot.  From  the  band  a  string  passed  under  one  pulley  then 
upward  over  two  others,  and  was  attached  to  a  small  board 
on  which  the  weights  were  placed.* 

^Wreschner  usel  15  weights.  The  largest  weighing  8,000  gr.  Metho- 
dologische  Beitrage.     Leipzig,  1898. 
^Paraplegias  et  I'ataxie  du  mouvement.     Paris,  1864.    p.  665. 
^Ueber  Muskelsinn  und  Ataxie.     Virchow's  Arch.,  47,  321. 
*Zur  Lehre  voni  Muskelsinn.     Arch.  f.  Psychia.,  Ill,  618. 
^Inaugural  Dissertation.     Marburg,  1890. 
''Neurol.  Centralbl.,  VII,  249. 
"^  Neurologisches  Centralblatt.     7,  1888,  249, 
*Arch.  f.  Psychiatrie,  III,  628. 
JOURNAI, — 7 
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In  attempts  to  devise  apparatus  equally  suitable  for  both 
hand  and  foot,  several  forms  were  tried  and  rejected,  which 
need  not  here  be  described.  That  used  in  these  tests  consisted 
of:  (i)  Aboard  6x8>^  inches,  the  upper  part  of  which  was 
covered  with  a  thick  piece  of  cloth  to  avoid  sounds  and  jars 
that  might  result  from  moving  the  increment;  (2)  Four 
strings  attached  to  the  four  corners  of  the  board,  and 
meeting  at  a  common  point  nine  inches  above  the  center 
of  the  board,  where  they  were  tied  together  and  fastened 
to  a  single  cord  which  continued  upward  about  an  inch. 
This  single  cord  was  inserted  between  the  ends  of  the  four 
strings  and  the  collar  above  on  the  hand  (or  foot)  so  that 
if  weight  or  increment  should  be  placed,  or  slip,  to  one  side, 
the  variation  would  affect  the  direction  of  the  suspended  weight 
and  the  normal  sensation  as  little  as  possible.  To  provide  fur- 
ther against  such  effects  the  board  rested  on  a  thin  cushion,  so 
that  the  beginning  and  end  of  the  lift  might  be  affected 
as  little  as  possible  by  any  tipping  of  the  board  that 
might  occur  from  a  failure  to  center  the  weights  prop- 
erly; (3)  A  cylindrical  band  of  heavy  cloth  with  the 
diameter  great  enough  to  receive  the  fingers  and  palm  of 
the  hand  (or  the  toes  and  a  part  of  the  foot).  This  band  was 
sufficiently  close-fitting  to  allow  one  to  draw  it  to  a  given 
point  and  thus  to  keep  it  always  in  the  same  position  and  at  a 
uniform  distance  from  the  joint.  And  since  the  arm  is  a  lever 
this  arrangement  kept  the  distance  from  the  weight  to  the  ful- 
crum and  power  uniform.  Over  this  band  was  fastened  another 
of  the  same  width  but  of  greater  length.  It  was  sewed  to  the 
cylindrical  band  in  a  line  along  the  upper  side.  The  under  side 
sagged  downward  about  two  inches,  where  it  was  gathered  and 
tied  to  the  single  cord  from  below.  This  apparatus  could  be 
shifted  easily  from  hand  to  foot,  and  was  applied  to  about  equal 
sense  areas. 

The  apparatus,  including  the  band,  weighed  100  grams. 
The  band  alone  weighed  26  grams.  This  series  of  experiments 
is  at  fault  in  that  the  weight  of  the  band  was  on  the  hand  con- 
stantly during  each  series  of  hand-tests.  This  was  true,  also, 
with  the  foot.  Whatever  absolute  error  in  sensibility  resulted 
from  this  source,  its  effect  would  be  slight  in  comparing  judg- 
ment for  hand  and  foot,  since  both  were  subject  to  the  same  dis- 
turbing condition. 

This  error  in  apparatus  should  affect  the  absolute  sensibility 
for  the  smaller  weights  more  than  for  the  larger  ones,  the  band 
being  proportionall}^  a  much  larger  part  of  the  standard  weight 
for  small  than  for  large  weights.  For  100  grams  the  weight  of 
the  band  was  one-fourth  of  the  total  standard;  for  400,  one- 
sixteenth;  and  for  3,200,  only  one  one-hundred  and  twenty- 


A   COMPARISON   OF  JUDGMENTS    FOR    WEIGHTS.  243 

eighth.  Leyden,  Bernhardt  and  Hitzig  appear  not  only  to  have 
left  the  apparatus  on  the  foot  while  experimenting,  but  to  have 
disregarded  its  weight,  for  they  speak  of  distinguishing  between 
o  and  50,  83,  90  and  100  grams.  In  our  tests  the  weight  of  the 
apparatus  was  always  considered  as  a  part  of  the  weight  to  be 
lifted. 

Standard  gram-weights  and  books  were  used  for  standard 
weights.  The  increments  were  in  the  form  of  small  muslin  bags 
loaded  with  fine  shot.  In  order  to  get  results  best  suited  for 
calculations  b}'  the  tables  in  Dr.  Sanford's  Manual  (p.  356), 
larger  proportional  increments  were  used  for  the  smaller  than 
for  the  larger  weights,  and  for  the  foot  than  for  the  hand.  These 
per  cents  were : 

Standards,  100    400      8cx)  1200  1600  2000  2400  2800  3200 

Increments    |  !J^°,^'  10         7         5         5         4        4        4        4        4 

I  Foot,  2G  15  8754444 

The  particular  selections  of  the  above  per  cents  were  based 
on  recorded  experiments  and  on  some  5,000  preliminary  ex- 
periments not  reported  here.  The  larger  per  cents  were  used 
with  the  smaller  weights  in  an  attempt  to  get  something  near 
eighty-five  per  cent,  of  correct  judgments,  as  giving  best  results 
with  the  current  tables.  In  some  respects  it  would  have  been 
better  to  use  the  same  per  cent,  of  increment  throughout,  as 
Fechner  did.  Such  a  plan  gives  greater  significance  to  the 
doubtful  cases.  The  varying  per  cents  of  increments  allow  no 
common  basis  for  calculation  of  such  cases. 

Methods  of  Experimenting. 

The  experiments  were  made  in  sets  of  twenty  of  a  kind  divided 
about  equally  between  heavy-first  and  light-first  presentations, 
and  were  distributed  as  usual  to  avoid  inequalities  due  to  fatigue, 
training,  the  establishment  of  standard  sensations,  etc.  Thus, 
a  set  of  20  tests  with  the  hand,  standard  100  grams,  was  fol- 
lowed by  20  tests  with  the  foot,  standard  100  grams;  this,  with 
hand,  400  and  foot  400;  and  so  on  up  the  scale  and  back  again. 
This  was  followed  by  foot,  100,  hand,  100,  etc.,  up  and  down 
the  scale  as  before. 

The  individual  tests  were  twenty  seconds  apart,  and  the  two 
lifts  constituting  a  test  about  two  seconds  apart.  The  latter 
time  was  not  specifically  measured,  but  was  determined  by  the 
time  required  by  the  operator  to  place  the  increment  on  or  take 
it  oflf  the  apparatus,  and  to  signal  by  tapping  the  hand  or  foot 
of  the  reagent.  This  time  was  ver)^  nearly  uniform,  and  effort 
was  made  to  keep  it  so.     Variations  from  this  source  would  be 


244  KINNAMAN  : 

almost  equal  for  the  foot  and  the  hand.  The  average  variation 
would  render  comparisons  practically  exact. ^ 

Great  pains  were  taken  to  keep  the  speed  of  the  lifts  uni- 
form, and  the  same  for  both  hand  and  foot.  The  speed  has 
been  shown  to  be  a  very  important  factor  in  the  judgment  of 
weights.^ 

An  attendant  noted  the  time  for  each  test,  moved  the  incre- 
ment, signalled  for  the  reagent  by  a  gentle  tapping  of  the  hand 
or  foot,  determined  whether  a  light  or  heavy  presentation  should 
be  made,  and  recorded  the  results.  The  reagent  had  ej'es  closed 
and  ears  bandaged. 

When  tests  of  the  hand  were  to  be  made  the  reagent  sat  on  a 
dining-room  chair  by  a  table,  with  the  arm  outstretched  and 
the  hand  projecting  beyond  the  edge  of  the  table.  The  board 
of  the  apparatus  rested  on  the  top  of  a  piano  stool,  the  support- 
ing strings  slightly  loose.  On  receiving  the  signal  the  arm  was 
kept  straight  and  lifted.  The  stool  was  just  high  enough  for 
the  weight  to  clear  it  when  the  hand  was  about  three  inches 
below  the  level  of  the  shoulder.  The  weight  was  then  lifted 
about  three  inches  and  again  lowered  to  the  stool. 

It  is  customary  to  gauge  the  height  of  a  lift  by  a  cord.  The 
form  of  the  apparatus  made  it  quite  impossible  to  do  this.  The 
writer  is  of  the  opinion  that  slight  variations  in  height  of  lift 
are  of  but  little  consequence,  since  he  appeared  to  base  his 
judgments  on  changes  of  sensations  at  the  beginning  of  the  lift. 
After  the  lift  the  arm  was  again  replaced  on  the  table.  As  soon 
as  the  increment  was  changed  and  the  signal  given  the  lift  was 
repeated.  The  result  of  judgment  was  announced  by  the  reagent 
immediatel}'  after  the  second  lift  in  each  test.  In  the  foot-tests 
similar  precautions  were  observed,  and  the  same  plan  of  experi- 
menting was  followed. 

In  these  experiments  it  will  be  noted  that  but  two  w^eights 
were  used  in  testing  a  standard,  loo,  and  the  comparison  weight, 
no,  when  the  smaller  was  presented  first;  or  a  standard,  no, 
and  a  comparison  weight,  loo,  when  the  larger  one  was  pre- 
sented first.  In  the  former  case  the  increment  was  lo  per  cent, 
of  the  standard;  in  the  latter  it  was  9.09  per  cent.  This  fact 
has  been  taken  into  account  in  working  up  the  results  and  de- 
termining the  curve. 

1  Edgar  James  Swift  {Amer.  Jour,  of  Psychol.,  V,  1-19)  has  shown 
that  reaction  time  is  materially  lengthened  by  distracting  the  atten- 
tion with  the  ticking  of  a  metronome.  Accordingly  one  would  expect 
the  unavoidable  distraction  from  a  metronome  to  induce  a  higher  per 
cent,  of  errors  in  weight-judgments.  But  Dr.  Margaret  K.  Smith  has 
noted  in  "  Rythmus  und  Arbeit "  that  all  but  one  of  her  reagents  ren- 
dered better  judgments  when  weights  were  lifted  with  the  tick  of  the 
metronome  than  without  it. 

^Miiller  and  Schumann:  Pfliiger's  Arch.,  XL,V,  37-112. 


A    COMPARISON   OF  JUDGMENTS    FOR   WEIGHTS.  245 

Some  experimenters^  use  a  standard  weight  and  then  com- 
parison weights  of  a  given  per  cent,  larger  and  smaller  than  the 
standard.  Thus  with  roc  standard  would  be  used  no  and  90; 
one,  ten  per  cent,  greater,  the  other,  ten  per  cent,  less  than  the 
standard.  If  it  is  desired  to  get  a  judgment  on  the  basis  of  a 
ten  per  cent,  increment  it  appears  that  the  method  employed  in 
our  experiments  is  more  nearl)^  correct  than  the  foregoing 
method.  Taking  90  and  no  for  comparison  weights,  the 
greater  is  more  than  20  per  cent,  greater  than  the  lesser, 
and  the  lesser  slightly  less  than  20  per  cent,  smaller  than 
the  greater.  In  case  of  such  a  method  being  used,  judg- 
ment is  rendered  more  on  difference  between  comparison- 
weights  than  between  standard  and  comparison-weights.  One 
could  render  judgment  heavier  than  standard  or  lighter  than 
standard,  after  experimenting  for  a  while,  quite  as  well  without 
the  intervention  of  a  standard  as  with  it,  on  account  of  the  great 
difference  in  the  comparison  weights.  I  find  that  this  view  has 
been  expressed  lately  by  Martin  and  Miiller  in  their  experi- 
ments on  lifted-weights.  They  say:  "  We  are  by  no  means  of 
the  opinion  that  a  comparison  of  weights  never  takes  place. 
Those  comparisons,  however,  which  are  the  easiest  to  deter- 
mine, are,  strange  to  say,  not  comparisons  between  standard 
and  its  variables,  but  a  comparison  between  a  variable  which 
has  just  been  hefted  and  the  variable  of  the  immediately  pre- 
ceding experiment."^ 

In  these  experiments  the  reagent  knew:  (i)  That  there 
would  be  twenty  tests  in  the  set,  divided,  as  stated  above;  (2) 
That  not  more  than  four  of  a  kind  would  come  together;  (3) 
Sometimes  he  knew  that  he  had  missed  a  given  number  in  a 
previous  .set  of  the  kind  about  to  be  undertaken;  (4)  That 
about  such  and  such  results  might  be  expected  from  the  hand- 
tests,  e.  g.,  the  light-first  tests  would  show  a  higher  degree  of 
sensibility  than  the  heavy-finst  tests  would. 

This  makes  the  series,  so  far  as  absolute  results  are  con- 
cerned, subject  to  some  of  the  adverse  criticisms  directed  against 
Fechner's  work,^  in  addition  to  those  already  mentioned.  Fech- 
ner,  it  will  be  remembered,  was  both  operator  and  reagent  in 
his  experiments.  Introspective  observations,  however,  seem  to 
indicate  that  the  knowledge  named  above  acted  more  as  a  spur 
to  attention  than  to  any  other  end.* 

^  Wreschner  :  Metholodische  BeitrJige,  Leipzig,  1898.  Martin  and 
Miiller  :  Zur  Analyse  der  Unterschiedsempfindlichkeit,  Leipzig,  1899. 

^  Amer.  Jour,  of  Psychol.,  XI,  269. 

^Fullerton  and  Cattell  :  "  On  the  Perception  of  Small  Differences," 
p.  116. 

*  For  experiments  witli  similar  limitations,  and  a  discussion  of  the 
same,  see  Psy.  Rev.  Sup.  I,  31. 
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Practicall}'  two  forms  of  answers  were  given;  "  second  lighter, 
or  heavier, "  when  the  distinction  was  clear;  "second  lighter, 
or  heavier,  D  [doubtful]"  when  there  was  a  very  low  degree  of 
assurance.  Introspective  observations  of  various  kinds  were 
often  noted  in  addition  to  the  foregoing  answers. 

The  results  were  worked  up  according  to  the  method  of  Right 
and  Wrong  Cases,  following  Fullerton  and  Cattell's  sugges- 
tions, and  using  the  tables  and  methods  of  calculations  offered 
by  Dr.  Sanford  in  his  Manual. 

In  these  tests  an  answer  was  always  required  from  the  re- 
agent, however  great  his  feeling  of  doubt.  Investigators  have 
not  always  dealt  with  the  doubtful  cases  in  this  way.  Fechner 
divided  the  doubtful  cases  equally  between  right  and  wrong 
judgments.^  Wreschner  threw  them  away;- Kraepelin,  Jastrow, 
Fullerton  and  Cattell,  and  Higier  required  that  the  reagents 
should  always  answer  no  matter  how  great  the  feeling  of  doubt. 

Table  and  Curve. 

This  curve  and  the  accompanying  table  show  the  sensibility 
of  the  reagent's  hand  and  foot  and  of  Fechner's  hand  according 
to  the  method  of  Right  and  Wrong  Cases.  In  determining  sen- 
sibility from  Fechner's  experiments  his  right-hand  tests  were 
used.  That  the  two  series  of  experiments  might  be  put  on  a 
par  as  far  as  possible,  the  three,  five  and  ten  hundred-gram 
tests  of  his  were  selected  from  sets  where  an  increment  of  eight 
per  cent,  was  used,  while  the  others  were  taken  from  his  tests 
with  a  four  per  cent,  increment.  Thus  in  this  and  in  his  series 
we  have  a  large  per  cent,  of  increment  with  the  lighter  standards 
and  a  small  per  cent,  w'ith  the  heavier  standards. 

A  comparison  of  Fechner's  sensibility-curve  with  that  of  the 
reagent's  hand  in  these  tests  will  show  them  to  be  ver}-  similar 
in  general  form,  though  slightly  different  in  detail  and  eleva- 
tion. Individual  differences,  differences  in  apparatus,  differ- 
ences in  methods  of  experimenting,  and  in  the  number  of 
standards  taken  wnll,  doubtless,  account  for  the  slight  differ- 
ences in  results, was  determined  from  the  data  on  page  186, Vol. 
I,  Psychophysik,  1889,  with  a  full  realization  that  he  and  the 
writer  dealt  quite  differentl}'  with  their  doubtful  cases.  The 
comparison,  therefore,  is  not  fully  justifiable,  but  is  offered  for 
whatever  it  is  worth. 

In  Fechner's  experiments  six  standards  were  used,  while 
nine  were  used  in  these.  This  would  tend  to  make  his  curve 
appear  the  more  regular  of  the  two. 

lEl.  d.  Psychophysik,  VIII,  72. 

"^  Anier.  Jour,  of  Psychol.,  IX,  592.  Gesellschaft  fur  psychologische 
Forschung.     Heft  II  (HI  Sammlung). 
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Curves  0/ Sensibility  or  Poiver  of  Discriminatiou.     (g,ooo  tests.) 


Table  0/  Sensibility. 


Standard  Wghts. 
100 

Hand. 
•093 

Foot. 
•053 

Standard 
Weights. 

Fechner. 

400 

.156 

.094 

300 

.103 

800 

.242 

.160 

500 

.132 

1200 

.228 

.207 

1000 

•151 

1600 

.226 

.231 

1500 

•232 

2000 

.328 

•347 

2000 

•232 

2400 

.336 

•251 

2800 

.308 

.308 

3200 

.276 

.235 

3000 

.229 

Individual  differences  are  often  very  great,  however,  and  they 
alone  could  account  for  the  variations  in  the  curves.^  For  ex- 
ample, by  the  method  of  just  observable  differences  Leyden's 
reagents  showed  a  fineness  of  judgment  for  the  foot  double  that 
of  Bernhardt's.  Miiller  and  Schumann's  subjects  were  less  than 
half  as  sensitive  as  Fechner  for  certain  weights." 

The  grasp  or  hand-hold  is  probably  an  important  factor.  Cat- 
tell  and  Fullerton  (Perception  of  small  differences,  page  118), 

iGriflSng  :  Psy.  Rev.  Sup.,  I,  42. 

^Schafer's  Text-Book  of  Physiology,  II,  1021. 
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with  small  wooden  boxes  to  be  grasped  by  the  sensitive  fingers, 
obtained  an  average  sensibility  of  161  when  a  standard  weight 
of  109  grams  was  used.  In  these  experiments,  however,  with 
a  less  active  grasp  and  an  appeal  to  a  less  sensitive  dermal  area^ 
the  sensibility  was  but  .093,  or  about  9-16  as  fine  as  theirs. 
Active  effort  undoubtedly  enables  one  to  judge  more  accurately 
than  passive  effort.  Merkel  found  judgment  based  on  active 
movement  of  the  beam  of  a  balance  to  be  to  passive  pressure  as 
17  to  13.' 

For  the  lighter  standards  this  apparatus  appealed  to  very 
small  areas;  but  for  the  heavier  standards,  to  large  areas.  The 
lightest  weights  merely  produced  slight  movements  in  the  band 
when  the  weight  was  lifted.  The  sensations  from  lifting  the 
two  weights  appeared  to  differ  only  in  that  the  band  with  the 
heavier  wtight  rubbed  the  skin  a  little  more  than  the  lighter, 
usually  along  the  side  of  the  index  finger.  Fechner's  appa- 
ratus, for  the  lighter  standards,  appealed  to  a  larger  area. 
Whether  this  difference  of  area  affects  the  sensibility  is  a  mat- 
ter of  dispute.  Lemon^  says  it  does,  while  Griffing*  says  it  does 
not.  In  any  event  the  curves  show  that  where  the  dermal 
areas  appeared  to  vary  most,  there  the  sensibilities  vary  most; 
yet  the  variation  of  sensibility  may  be  due  to  other  causes  than 
differences  of  area. 

There  is  probably  a  significant  difference  in  the  rigidity  or 
firmness  of  the  apparatus  used.  That  used  by  Fechner,  Miil- 
ler  and  others  consists  essentially  of  a  firm  metallic  or  wooden 
frame,  while  that  used  here  consisted  largel}'  of  fabrics.  With 
the  solid  frame  the  weight  clears  its  base  of  support  more  sud- 
denly than  with  our  apparatus.  With  a  rigid  piece  of  apparatus 
a  given  speed  of  lift  will  make  the  changing  sensations  at  the 
beginning  of  the  lift  pass  more  quickly  than  where  the  appa- 
ratus is  less  rigid.  With  our  apparatus  there  is  but  little  ten- 
dency for  the  weight  Xofly  up.  It  is  probable,  also,  that  slight 
variations  in  the  speed  of  the  lift  will  affect  judgment  less  with 
this  apparatus.  Upon  the  whole  the  other  apparatus  appears 
to  be  more  exact,  and  should  be  used  wherever  possible. 

Fechner's  and  these  curves  follow  each  other  much  more 
closely  than  any  others^  that  the  writer  has  seen. 

As  for  the  hand  and  foot  curves  in  this  chart,  they  closely 
resemble  each  other,  even  in  detail,  except  at  2,400  grams. 
That  variation  is  probably  accidental. 

1  For  points,  the  sensibility  of  the  tip  of  the  finger  is  to  that  of  the 
palm  of  the  hand  as  to  i  and  5.  Weber  ;  cited  by  Bain  :  Senses  and 
Intellect,  190.  "^Vhil.  Stud.,  V,  287. 

3  The  Skin  considered  as  an  Organ  of  Sense,  p.  46. 

*  Psy.  Rev.,  1895,  p.  128;  also  Supplement  I  Psy.  Rev.,  p.  47. 

^  Hering,  Miiller  and  Schumann. 
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The  curves  show  at  first  a  rapid  increase  of  sensibility  to 
about  the  800-grara  standard,  followed  by  a  less  marked  in- 
crease up  to  1,600.  Then  they  rise  rapidly  to  a  maximum  sen- 
sibility at  2,000  and  2,400,  after  which  a  slower  decrease  sets 
in.  The  cause  of  this  change  at  from  800  to  1,200  grams  is 
discussed  under  Hypothetical  Considerations,  further  on  in  the 
paper. 

The  few  tests  made  with  much  larger  weights  seem  to  indi- 
cate the  continuation  of  this  downward  tendency  in  the  curve, 
showing  a  further  decrease  in  the  sensibility.  These  tests  with 
very  heavy  weights  were  not  numerous  enough  to  demonstrate 
anything,  but  at  6,400  grams,  one-half  of  the  reagent's  maxi- 
mum lift,  they  indicated  a  sensibility  of  not  more  than  .125, 
which  is  less  than  that  obtained  with  a  standard  of  800  grams. 
In  the  latter  part  of  the  paper,  under  "  Hypothetical  Considera- 
tions," is  offered  an  explanation  for  this  increase  of  sensibility, 
observed  by  all  experimenters,  as  the  scale  of  weights  is  as- 
cended. In  that  section  of  the  paper  an  attempt  will  be  made 
to  show  that  it  is  due  to  the  influx  of  additional  bases  of  jvtdg- 
ment.  The  decrease  of  sensibility  in  the  very  large  weights 
will  be  accounted  for  on  the  basis  of  an  influx  of  distracting  in- 
fluences. 

The  difiference  in  sensibilit}^  of  the  hand  and  foot,  beyond 
1,200  grams,  is  very  small.  The  larger  difference  with  the 
lighter  standards  may  be  due  to  finer  dermal  discrimination  in 
the  hand  than  in  the  foot,  the  basis  of  judgment  for  these  stand- 
ards being  largely  dermal. 

Dr.  Krohn  has  shown^  that  exposed  surfaces  locate  better 
than  portions  usually  covered  with  clothing,  and  Weber^  found 
the  sensibility  for  points  on  the  dorsum  of  the  foot  to  be  to  that 
of  the  palm  of  the  hand  as  5  to  18.  Todd  and  Bowman^  hold 
that  the  relative  power  of  different  parts  to  estimate  weights 
corresponds  very  nearly  with  their  relative  capacities  of  touch, 
and  Bloch'*  shows  the  weights,  for  just  observable  pressure  for 
the  palm  of  the  hand  and  dorsum  of  the  foot,  to  be  as  i  to  a 
weight  ranging  from  40  to  60. 

These  views  put  together  make  it  appear  altogether  probable 
that  there  is  a  decided  difference  in  the  pressure  and  touch  sen- 
sibility, for  the  dorsum  of  the  foot  and  for  the  palm  of  the  hand, 
and  that  this  may  account  for  the  difference  of  sensibility  as 
shown  in  the  first  part  of  the  curves.  But  this  difference  is  so 
small  that  it  may  be  said,  in  general,  that  within  the  first  quar- 
ter of  the  reagent's  range  of  lifts,  the  sensibility  of  the  foot  for 

1  Psychol.  Rev.,  1894,  p.  326. 

^De  pulsa,  resorptione,  auditu  et  tactu. 

8  Brit.  Med.  Jour.,  XIII,  430. 

*Arch.  de  physiol.,  III. 
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lifted- weights  is  about  equal  to  that  of  the  hand,  even  though 
the  foot  had  never  before  been  used  in  lifting  weights. 

Table  II. 

Percentage  of  errors  in  the  successive  tests  in  all  of  the  sets  of  twenty 
for  both  hand  and  foot. 

No.  OF  Test.  %  of  Wrong  Judgments.        No.  of  Test.    %  of  Wrong  Judgments. 


I 

2 

30-23 
18.22 

II 
12 

22.66 
24.88 

3 
4 

21.33 
19.77 

13 
14 

22.66 
18.88 

5 
6 

23-77 
24.00 

15 
16 

2399 
19.77 

7 
8 

9 

23-50 
21. II 
20.88 

17 
18 

19 

23.12 

23-55 
26.21 

0 

26.21 

20 

24-33 

This  Table  shows  that  on  the  average  the  first  judgment  in 
each  series  was  poor,  there  being  an  average  of  30.23  per  cent, 
of  errors  for  both  hand  and  foot.  While  the  average  of  the 
second  tests  shows  onl}'  18.22,  .or  the  smallest  average  per  cent, 
of  error  in  the  whole  set  of  twenty  tests.  This  sudden  improve- 
ment, after  the  first  test,  is  the  most  characteristic  thing  shown 
in  the  Table.  It  is  probably  due  to  accommodation  and  setting 
up  a  standard  sensation.  It  could  hardly  be  due  to  increase  of 
effort  at  attention  over  that  rendered  to  the  first  test.  It  seemed 
to  have  taken  the  time  up  to  the  second  test  for  the  reagent  to 
adjust  himself  to  the  series.  Usually  the  attention  was  most 
inten.se  at  the  beginning  of  the  series,  then  a  restful  feeling  of 
assurance,  after  three  or  four  tests,  was  very  common.  If  it  be 
true  that  we  underestimate  weights  when  attention  is  intense,^ 
that  should  not  affect  our  judgments  in  comparing  weights,  as 
both  standard  and  comparison-weight  would  appear  equally  re- 
duced. 

When  concentration  failed,  as  it  did  of  necessity',  occasion- 
all)',  it  never  occurred  with  first,  second,  third,  fmrth  or  fifth 
tests.  Introspectively,  at  lea.st,  the  reagent  would  be  of  the 
opinion  that  attention  was  always  most  intense  with  the  first 
test.  Whenever  attention  was  grossly  at  fault  the  reagent, with- 
out knowing  the  correctness  or  incorrectness  of  his  answers,  re- 
quested to  be  taken  again  over  the  last  four  or  five  tests,  he  not 
knowing  exactly  how  much  territory  he  was  retracing.  But 
every  effort  was  made  to  keep  attention  uniform. 

These  tests  it  will  be  remembered  were  made  twenty  seconds 
apart.  From  last  lift  of  one  test  to  first  of  the  next  was  about 
sixteen  seconds.  The  standard  sensation  bridged  over  this  time 
so  distinctly  that  the  reagent  was  able  to  render,  in  mind,  after 

1  Psychol.  Rev.,  I,  44. 
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the  first  lift  of  each,  nearly'  one-half  of  the  time,  the  same  de- 
cision that  he  did  render  after  making  both  lifts.  The  standard 
or  absolute  sensation,  therefore,  appears  to  have  been  an  im- 
portant factor  in  forming  the  judgments.  In  this  view  the 
charts  and  introspections  here  quite  agree  with  Angell  and  Har- 
wood,  and  with  Martin  and  Miiller,  as  stated  by  Angell  in  his 
review  of  the  Martin  and  Miiller  article.^ 

Following  the  sudden  improvement  after  the  first  test  there 
is  a  slight  general  increase  of  error  toward  the  close  of  the 
series,  probably  due  to  fatigue  and  diversions  of  attention.  The 
principal  factors  entering  into  these  variations  are  attention, 
fatigue  and  the  establishment  of  standard  sensations. 

It  is  evident  that  the  disturbances  on  the  whole  are  not  very 
great.  For  example,  the  first  ten  tests  show  22.90  per  cent, 
of  errors,  and  the  last  ten  22.91  per  cent. 

But  it  is  impossible  in  this  study  to  isolate  and  measure  these 
factors.  Fatigue  and  inattention  would  tend  to  increase  the 
wrong  judgments,  while  the  establishment  of  a  standard  .sensa- 
tion would  tend  to  a  decrease  of  the  same. 

The  effect  of  training  or  practice  was  calculated  and  found  to 
be  very  slight,  the  judgments  through  the  foot  showing  a  little 
more  improvement  than  those  through  the  hand.  This  ex- 
tremely slight  improvement,  as  shown  in  these  experiments,  is 
not  so  remarkable  when  we  remember  that  about  5,000  tests 
had  been  made  before  this  series  was  taken  up.^ 

Summary  of  Results, 

I.  In  answer  to  the  main  question  of  Comparison  of  Judg- 
ments: (a)  The  weights  were  discriminated  a  little  better 
through  the  hand  than  through  the  foot;  (b)  The  relative  dif- 
ference was  greater  for  the  small  than  for  the  large  standards; 
(c)  Both  showed  a  lower  degree  of  sensibility  both  above  and 
below  2,000-2,400  grams,  or  one-third  of  the  reagent's  maxi- 
mum lift;  (d)  The  practice  effects  were  small  and  about  the 
same  for  both  hand  and  foot;  (e)  The  discrimination  of  the 
heavy-first  presentations  differed  from  the  light-first  presenta- 
tions in  the  foot-tests  less  than  in  the  hand-tests.  (This  fact 
has  not  been  discussed  in  this  paper.  For  the  hand  the  varia- 
tion was  slightly  above  the  average.  For  the  foot  it  was  proba- 
bly less  than  the  average  hand-variations.)  (f)  The  sensation 
seems  to  be  partly  a  touch  and  parti}'  a  muscular  sensation  as 
observed  by  FuUerton  and  Cattell;  (g)  The  fineness  of  discrimi- 
nation is  not  materially  disturbed  by  the  fatigue  resulting  from 

^  Atner.  Jour.  0/ Psychol.,  1899-1900,  p.  260. 

^  On  effect  of  training  see  Wreschner,  Metholodisclie  Beitrage,  p. 
183.     Leipzig,  1898,  pp.  238. 


252  KINNAMAN : 

a  short  series  of  tests;  (h)  Standard  sensations  play  an  im- 
portant role  in  a  series  of  like  judgments;  (i)  The  second  test 
of  the  series  are  judged  better  than  any  others. 

II.  Some  Introspective  Observations;  (a)  The  judgments 
in  tests  on  100-gram  weights  seemed  to  be  based  quite  exclu- 
sively on 'mere  touch-sensations;  (b)  The  judgment  seemed  to 
be  based  more  on  the  changes  in  stimuli  that  occurred  at  the 
beginning  of  the  lift,  than  on  any  constant  sensations  after  the 
weight  once  cleared  its  base  of  support.  The  best  results  were 
obtained  by  directing  the  attention  to  the  first  sensations. 
Swinging  the  weight  up  and  down  did  not  seem  to  improve  the 
discrimination  much,  if  any;  (c)  The  accuracy  of  judgment 
varied  greatly,  sometimes  even  with  no  apparent  cause;  (d) 
Very  quick  and  very  slow  lifts  were  hard  to  judge;  (e)  In  lift- 
ing the  large  weights  the  judgment  seemed  to  be  based  princi- 
pally on  "muscular  sensations;"^  (f)  Very  small  increments 
make  judging  very  fatiguing  by  their  great  demands  on  atten- 
tion; (g)  One  can  distinguish  quite  noticeably  when  lifting  very 
large  weights,  that  he  is  beset  with  a  focal^  sensation,  and  with 
numerous  marginal  sensations,  some  having  only  a  distracting 
influence  upon  the  attention,  such  as  noises,  heat,  the  pains  from 
uncomfortable  positions,  and  muscular  pains;  and  others,  that 
must  be  regarded  as  auxiliary  sensations  to  the  focal  sensation. 
They,  with  the  focal  sensation,  figuratively,  in  a  heap,  consti- 
tute the  real  basis  of  discrimination.  Among  these  marginal 
auxiliary  sensations  the  following  were  pronounced:  (i)  Touch 
sensations  around  the  grasp;  (2)  Pressure  sensations;  (3)  Changes 
in  the  pressure  of  the  back  against  the  back  of  the  chair;  (4) 
Increased  pressure  on  the  seat  of  the  chair;  (5)  Feet  pressing 
more  firmly  on  the  floor;  (6)  Other  hand  putting  forth  effort 
wherever  it  may  be  placed;  (7)  Interference  with  breathing;  (8) 
Interference  with  circulation;  (9)  Intercostal  and  abdominal 
muscular  sensation. 

Some  of  these  may  pass  over  and  become  sources  of  distrac- 
tion rather  than  auxiliary  sensations. 

Hypothetical   Considerations. 

The  following  hypotheses  are  based  partly  on  the  data  deter- 
mining the  curve  given  in  the  first  part  of  the  paper,  and  partly 
on  the  introspections  noted  as  the  experiments  were  being 
made, 

^  Sensations  based  on  specific  sense-organs  in  muscles,  tendons, 
joints,  and  all  of  the  accessory  organs  of  movement.  Scliafer's  Text- 
Book  of  Physiology,  Vol.  II,  1006.     Macmillan,  New  York,  1900. 

2  "^y  focal  sensation,  it  is  intended  to  designate  one  toward  which 
the  mind  is  primarily  directed. 
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Basis  of  Judg7neiit. 

In  stating  the  basis  of  judgment  for  lifted-weights  it  is  con- 
venient to  divide  the  field  of  sensations  into  two  classes,  focal  and 
marginal.  When  weights  are  being  lifted  the  focal  sensation 
is  usually,  though  b)^  no  means  always,  the  sensation  for  which 
the  stimuli  change  most  vividly. 

Besides  this  focal  sensation  there  are  many  marginal  sen.sa- 
tions  in  consciousness  down  to  a  feather-edge  in  "  subconscious- 
ness." Some  of  these  tend  to  draw  attention  away  from  the 
focus,  and  thus  to  induce  poorer  judgment:  others  seem  to  go 
along  with  the  focal,  to  be  auxiliary  sensations,  and  by  their 
presence  to  induce  a  finer  discrimination. 

These  marginal  auxiliary  sensations  are  often  very  marked 
where  hardly  anticipated.  When  conducting  some  tests  where 
the  reagent  lay  on  his  side  on  the  floor,  several  judgments  with 
the  larger  standards  were  rendered  with  the  attention  fixed 
upon  the  tendency  to  slide  along  the  floor  in  the  opposite  direc- 
tion from  the  pull  that  was  being  made.  Surprisingly  enough 
the  feeling  of  assurance  and  the  correctness  of  the  decisions  were 
quite  as  good  as  when  the  attention  was  directed  to  the  mus- 
cular sensations  of  the  arm.  But  the  fact  of  these  marginal  sen- 
sations does  not  prove  that  any  of  them  are  auxiliary  in  form- 
ing the  judgment.^  Jastrow  and  Bruce  bandaged  the  arm 
tightly  so  as  to  emptj-  most  of  the  blood,  and  then  rubbed  the 
skin  with  ice.  This  greatly  reduced  the  sensibility  of  the  skin, 
but  did  not  afi'ect  the  judgment  for  lifted-weights.  (Letter  to 
the  writer. )  Here  subtracting  some  of  the  marginal  sensations 
did  not  affect  the  judgment. 

"  According  to  the  law  of  perception^  of  weight  b}'  the  sense 
of  cutaneous  pressure  alone,  it  requires  the  addition  of  one-third 
of  the  original  weight,  whatever  it  may  be,  to  produce  a  dis- 
tinctly perceptible  difference;  but  in  Bernhardt' s  experiments 
on  the  foot  it  was  found  that  the  addition  of  from  three  to  five 
Loth  (ij4  to  2^^  oz.)  to  an  original  weight  of  from  a  pound  to 
a  pound  and  a  half  could  be  distinctly  perceived,  which  is  less 
than  one-half  of  the  increment  perceptible  by  cutaneous  pres- 
sure alone. 

In  regard  to  the  discrimination  of  weight  b}'  the  finger, 
the  sensibility  was  found  to  be  much  finer.  Three  drachms 
could  be  distinctly  differentiated  from  nothing,  and  to  heavy 
weights  (say  i  pound)  the  addition  of  five  drachms  was  dis- 

1  Pierce  and  Jastrow  (Memoirs  of  the  Nat.  Acad,  of  Sci.,  Ill,  1884,) 
showed  that  even  the  mere  guesses  on  small  differences  fall  according 
to  law  predominantly  on  the  side  of  right  judgments.  Thus  it  appears 
that  the  subconscious  states  are  factors  that  must  be  taken  into  ac- 
count in  judgments. 

^Ferrier  :  Functions  of  the  Brain,  p.  391. 
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tinctlj'  perceived,  i.  <?. ,  a  difference  of  about  i/r6,  a  power  of 
discrimiuation  which  corresponds  pretty  nearly  with  that  ot  the 
muscular  sense,  which  is  capable  of  detecting  an  addition  of 
1/17  of  the  original  weight.  These  results,  therefore,  indicate 
that  the  discrimination  was  much  finer  than  could  be  effected 
by  the  sense  of  pressure  alone,  and  that,  therefore,  it  depended 
on  muscular  discrimination." 

It  seems  that  the  presence  of  marginal  sensations  on  which, 
singly,  a  fair  judgment  could  be  based,  and  all  of  which  are  in- 
duced by  stimuli  from  a  single  source,  within  normal  limits, 
should  increase  the  accuracy  of  judgment.  The  presence  of 
such  a  sensation  may  decrease  the  nicety  of  judgment  of  the 
focal  sensation.  But  still  it  would  have  to  be  shown  whether 
the  decrease  in  the  focal  sensation  is  not  more  than  compen- 
sated by  such  a  marginal  sensation  as  described  above. 

In  whatever  position  one  may  be  when  he  makes  a  lift  the 
auxiliary  marginal  sensations  are  present.  They  vary  greatly 
as  larger  standards  are  used.  With  their  cumulative  influx,  up 
to  certain  limits,  they  probably  increase  the  acuteness  of  dis- 
crimination. When  ver}'  great,  however,  the)^  may  become 
sources  of  distraction. 

With  the  very  small  weights  the  marginal  consciousness  is 
very  limited  in  extent.  Until  a  given  degree  of  motion  or  ten- 
dencj'  toward  it  is  reached  at  any  sensitive  part  of  the  body,  no 
sensations  result.  Some  organs  and  processes  are  disturbed 
earlier  than  others  as  the  scale  of  weights  is  ascended.  Hence, 
this  gradual  increase  in  the  extent  and  intensit}'  of  the  mar- 
ginal consciousness.  So  it  happens  that,  as  the  scale  of  stand- 
ards is  ascended,  new  marginal  sensations  keep  coming  in  and 
rising  higher  and  higher  in  consciousness.  Some  of  the  mar- 
ginal sensations  may  become  so  strong  as  to  take  over  the  focus 
to  themselves.  And  this  is  just  what  appears  to  happen,  the 
muscular  sensations  which  are  at  first  marginal,  later,  become 
focal,  and  with  the  very  heavy  weights,  sources  of  distraction, 
while  the  dermal  sensations  become  marginal.  Biedermann  and 
Lowit  found  that  the  dermal  sensibility  to  pressure  decreases 
very  rapidly  above  450  grams.  At  450  the  least  observable  dif- 
ference was  1/69,  and  at  500  grams  it  was  1/20  of  the  standard 
weight.^ 

This  influx  of  marginal  sensations,  and  transposition  of  focal 
sensations,  from  the  tables  and  from  the  introspective  observa- 
tions, seems  to  have  been  most  marked  at  from  800  to  1,200 
grams.  At  2,800  and  3,200  breathing  and  circulation  were 
quite  perceptibly  disturbed.     With  the  very  large  weights  the 

iHering  :  Sitzungsber  d.  Wiener,  Akad.,  LXXII,  342.  Ladd's  Physi- 
ological Psychology,  368. 
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sensations  of  strain  about  the  shoulder,  chest  and  abdomen  may 
become  focal.  ^  With  the  latter  weights  also  came  certain  marked 
distractions,  as,  muscular-pain  from  the  heavy  lift,  and  an  un- 
avoidable trembling  of  the  arm. 

It  is  probably  entirely  impossible  to  isolate  completely  these 
various  sources  and  bases  of  judgment  so  as  to  determine  the 
comparative  worth  of  each  for  various  standards,  and  within 
what  limits  Weber's,  Fechner's  or  any  other  law  holds.  It  may 
be  that  some  law  holds  for  each  of  the  several  bases  after  it 
becomes  a  factor  in  the  discrimination,  probably  Weber's,  but 
that  no  law  has  been  or,  possibly,  can  be  formulated  to  apply 
to  the  sum  of  them. 

Views  of  experiments  are  not  wanting  on  the  subject.  G.  E. 
Miiller  has  called  attention  to  the  probability  of  a  gradual  in- 
flux of  additional  sensations. 

With  the  larger  weights  come  first  muscular  sensations  with 
the  upper  and  fore  arm;  and  with  very  large  weights,  from  the 
muscles  of  the  chest  and  shoulder.  One  must  ask.  then,  to  what 
extent  Weber's  law  is  valid.  The  lifted  arm  may  be  a  part  of 
the  lifted  weight.  To  determine  the  validity  of  the  law  one  must 
know  whether  any,  or  part,  or  all  of  the  arm  goes  in  with  the 
given  weight  to  make  up  the  weight  on  which  we  really  base 
our  judgments.  Moreover,  the  antagonizing  force  of  the  oppo- 
site and  adjacent  muscles  cannot  be  known. ^ 

Hering,  long  ago  in  a  letter  to  Fechner,  pointed  out  the 
probabilit}^  of  a  complex  of  sensations  as  the  basis  of  judgment. 

"  At  the  same  time,"  says  Bastian,*  "  a  number  of  impres- 
sions emanate  from  the  back  of  the  hand,  which,  so  far  from 
aiding  him  in  his  judgment,  would  be  a  source  of  mental  dis- 
traction. Then  I  would  say,  also,  that,  in  estimating  such 
weights  as  Weber  employed,  the  person  would  almost  certainly 
have  experienced  sensations  emanating  from  the  muscles  them- 
selves; and  there  is  really  no  reason  for  believing  that  these 
sensations,  derivable  from  a  muscle  which  is  contracting  some- 
what strongly,  do  not  reveal  themselves  to  us  by  means  of  ordi- 
nary sensory  nerves  in  the  muscles.  I  believe  that  they  are  due 
to  the  common  sensibility  of  the  muscle  testifying  to  its  own 
organic  conditions,  and  that  these  sensations  may  well  be  part 
components  of  the  impressions  by  which  we  are  enabled  to 
judge  of  diSerences  of  weight.  And  if  this  be  the  case,  then 
it  was  to  be  expected,  as  I  think,  that  there  should  have  been 
a  much  greater  power  of  discriminating  differences  of  weight 
when  the  common  sensibility  of  muscle  was  allowed  to  act  in 
conjunction  with  the  tactile  impressions,  than  when  these  latter 

1  Ferrier's  Function  of  the  Brain,  p.  392. 

''G.  E.  Miiller  :  Grundlegung  der  Psychophysik,  p.  202. 

8  Brit.  Med.  Jour.,  XIII,  1869,  439. 
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were  appreciated  alone  and  apart  from  all  distracting  influ- 
ences. ' '  He  holds  the  muscular  sense,  however,  to  be  only  a 
fraction  as  delicate  as  the  pressure  sense. 

We  note  that  our  view  does  not  agree  with  Ferrier's'  which 
seems  to  set  aside  all  joint,  tendon  and  purelj^  muscular  sensa- 
tions in  the  arm.  He  says,  "  I  am  of  the  opinion  that  the  dis- 
crimination of  heavy  weights  calls  into  plaj'  the  general  sense 
of  effort,  which,  as  we  have  seen,  is  the  more  properly  ascribed 
to  the  region  of  the  respiratory  muscles,  and  that  the  discrimi- 
nation in  this  case  is  affected  by  the  amount  of  bodily  strain 
and  fixation  of  the  muscles  of  the  chest  necessary  to  support  a 
heavy  weight ;  and  that  it  is  not  a  question  of  the  muscular  sense  of 
the  limb  at  all,  unless  general  strain  is  absolutely  eliminated  b}^ 
continuous  and  ea.sy  respiration  during  the  trial.  When  this 
is  eliminated  it  will  be  found  that  the  sense  of  local  resistance  is 
the  only  element  in  the  discrimination  of  weight." 

Weber  considered  that  the  reason  for  finer  judgment  in  lift- 
ing, over  that  of  mere  pressure,  was  due  to  the  muscular  sense 
coming  in  as  a  further  basis  of  judgment.^ 

The  above  views,  except  Ferrier's,  seem  to  tally  with  the 
writer's  introspections  which  maj'  be  restated  briefly  thus: 
Judgment  of  weights  is  based  on  focal  and  auxiliary  marginal 
sensations,  which  change  greatlj'  as  the  scale  of  weights  is  as- 
cended. The  focal  sensation  changes  from  dermal  to  muscular, 
but  may  be  voluntarily  placed  elsewhere;  the  marginal  group 
constantly  increases;  and  some  sensations  pass  from  auxiliary 
to  distracting  sensations. 

In  lifting  a  weight  there  is  probably  a  normal  rate  of  change 
in  sensations  at  which  the  total  amount  of  change  can  be  judged 
most  accurately,  var\  ing,  to  be  sure,  with  different  reagents. 
Change  may  be  either  too  rapid  or  too  slow  for  accurate  j  udgment. 
J.  S.  Lemon^  states  that  great  pressure  can  be  made  without  pro- 
ducing consciousness  of  the  fact,  providing  that  it  be  applied 
very  gradually.  Fontana,  showed  that  a  slight  pressure  on  a 
nerve  might  be  increased  gradually  until  the  nerve  was  crushed, 
without  producing  motion  in  the  corresponding  muscle.  Heinz- 
mann^  and  Fratscher^  boiled  reflex  frogs  without  sensation 
enough  to  produce  motion  by  applying  the  heat  very  gradually. 

Very  rapid  changes  make  strong  sensations,  but  sensations 
lacking  nicety  for  distinction.     Fullerton  and  Cattell,®  on  the 

1  Functions  of  the  Brain,  392. 
^2  Living  Age,  XIII,  12. 

^Skin  Considered  as  an  Organ  of  Sensation  :  Whiting,  and  Whitta- 
ker,  Gardner,  Mass.,  1899. 

*  Archiv.  f.  die  gessammte  Physiol.,  VI,  1872,  222. 
^Jenaische  Zeitschrift,  I,  1875,  130. 

*  Perception  of  Small  Differences,  p.  131. 
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basis  of  a  few  experiments,  held  that  the  rate  of  lift  does  not 
increase  the  probable  error.  In  changes  of  pressure  it  is  claimed 
that  the  more  rapid  the  changes  the  greater  the  accompanying 
distractions.^ 

It  is  precisely  this  change  of  sensations,  occurring  from  the 
beginning  of  the  lift  until  the  weight  clears  its  support,  that  we 
compare  and  judge,  rather  than  the  totalit)'  of  sensation  after 
the  weight  is  up.  The  reagent  will  judge  best  when  the  speed 
and  other  conditions  are  most  favorable  for  his  taking  these 
changes  into  full  consciousness.  If  the  normal  speed  is  main- 
tained, the  height  of  the  lift  is  of  but  little  consequence,  pro- 
viding the  reagent  holds  firmly  to  the  changes  which  occurred 
at  the  beginning  of  the  lift.  But  when  the  reagent  defers  judg- 
ment, he  is  liable  to  question  his  impressions  and  do  little  more 
than  guess.  Even  when  judgment  is  not  at  once  declared  and 
dismissed,  one  is  apt  to  conclude  that  his  impressions  may  have 
been  in  error.  Moreover,  the  pressure,  and  probably  other  sen- 
sations, decrease  rapidly  after  the  application  of  the  weight.^ 
From  our  standpoint  the  basis  of  judgment  appears  to  be  the 
memory  of  a  former  change  of  sensation  as  compared  with  a 
present  changing  sensation. 

The  notion  that  the  judgment  is  based  partly  on  the  sense  of 
effort  we  pass  by.  The  sen.se- of- effort  view  has  been  pretty 
generally  abandoned.*  If  sense  of  effort  exists  at  all  it  may  be 
said  to  assume  the  relation  of  marginal  sensation.  Neither  does  it 
appear,  with  this  apparatus,  which  picks  up  the  weight  more 
gradually  than  does  Fechner's  and  Miiller's  apparatus,  that  the 
speed  of  the  lift  is  so  important  as  Miilter  and  Schumann^ 
found  it  to  be.  The  speed,  here,  appears  to  be  but  one  of  the 
marginal  sensations. 

Interferences  of  Sensations. 

Judgments  of  sensations  are  disturbed  by  two  kinds  of  sensa- 
tion-interference: (i)  distraction,  and  (2)  fusion.  Distraction 
through  sensations  occurs  whenever  sensations  arise  which 
tend  to  draw  the  focus  of  attention  to  themselves,  and  thus 
awaj'  from  any  sensation  or  group  of  sensations  which  one 
is  trying  to  judge.  Interferences  of  this  kind  have  been 
referred  to  at  various  places  in  this  paper,  and,  for  our  present 
purposes,  do  not  need  to  be  discussed  further  here.  This 
kind  of  interference  has  been  pretty  generally  recognized,  and 
has  been   studied   rather    extensively.      Distractions    arising 

^  Hall  and  Motora  :  Anier.  Jour,  of  Psychol.,  I,  87. 
2  Psychol.  Rev.,  Sup.  I,  p.  30. 
^Schafer's  Text-Book  of  Physiology,  II,  p.  1002. 
*  Pfliigei's  Archiv.,  XLV,  36-112. 
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from  the  fusion  of  sensations  seem  to  have  been  studied  but 
very  little.  I  believe  it  would  be  entirely  practicable  to  study 
them  experimentally.  The  following  is  offered  as  an  hypothetical 
application  of  this  variety  of  interference  involved  in  lifted- 
weights. 

Sensations  verj'^  unlike  and  with  their  stimuli  remotely  located 
are  readily  distinguished  as  different.  But  as  the  stimuli  approach 
each  other  in  kind  and  location,  it  becomes  more  difficult  to  dis- 
criminate them.  Again,  the  more  usual  and  neutral  as  to  pain 
and  pleasure  a  sensation  is,  the  more  readily  and  completely 
can  it  be  disregarded  for  others  to  which  we  wish  to  give  espe- 
cial attention. 

Now,  it  was  quite  clear  to  those  who  tried  the  apparatus  used 
in  the  foregoing  experiments,  that  the  conscious  basis  of  judg- 
ment was  tactile  for  the  100-gram  standard.  The  marginal 
auxiliarj'-  sensations,  if  present,  were  wholly  subconscious.  This 
tactile  sensation  is  altogether  unlike  the  sensations  arising  from 
lifting  the  arm,  and  the  latter,  if  not  continued  too  long,  are 
usual,  normal,  neutral.  The  mind  should,  therefore,  readily 
differentiate  these  two  sensations  and  neglect  the  usual 
neutral  arm-weight  sensations.  It  would  seem,  then,  that  the 
weight  of  the  arm  does  not  in  the  least  interfere  with  the 
judgment  of  small  weights,  with  this  apparatus,  any  more 
than  the  breathing,  touch  of  the  clothing,  or  any  other  neu- 
tral sensation  interferes  with  thinking  the  binomial  formula 
in  algebra.  In  our  opinion,  as  the  standard  increases  in  weight, 
the  marginal  sensations  loom  up  in  consciousness,  more  and 
more,  and  gradually  the  muscular  sensations  gain  the  as- 
cendancy. Then  some  of  the  sensations  arising  from  lifting  the 
weight  become  identical  in  kind  and  location  with  those  arising 
from  lifting  the  arm  and  the  mind  cannot,  naturallj'  enough, 
distinguish  the  two.  What  was  a  four  per  cent,  increment  on 
the  weight  is  now  less  than  four  per  cent,  on  the  total  amount 
of  standard-weight  and  some  arm-weight  measured  in  terms  of 
sensation.  This  reduction  of  the  per  cent,  of  mcrement  in  the 
focal  stimulus  tends  to  decrease  accuracy  of  judgment  for  a 
given  standard  and  a  given  per  cent,  of  increment  of  it.  The 
weight  of  the  arm  thus  gradually  insinuates  itself  into  the 
standard. 

It  is  not  probable  that  we  judge  one  weight  as  just  a  little 
more  than  another;  that  would  contradict  all  of  our  experience 
with  Weber's  law.  If  that  were  true  the  same  difference  would 
serve  for  distinguishing  any  two  weights,  no  matter  how  large 
or  small.  The  increments  must  be  regarded  as  per  cents  of  the 
standards,  and  since  the  weight  of  the  arm  seems  to  change  this 
per  cent,  as  the  scale  of  weights  is  ascended,  the  weight  of  the 
arm  may  be  expected  to  interfere  with  the  judgment. 
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But  if  the  weight  of  the  arm  does  not  get  confused  with  the 
standard-weight,  or  rather  if  the  sensations  do  not  fuse  for  the 
small  weights  and  thisdoeshappen  with  the  larger  ones,  then  why 
is  the  discrimination  not  poorer  for  the  larger  than  for  the  smaller 
weights?  If  our  hypothesis  shears  close  enough  to  the  truth, 
then  it  would  follow  that  the  marginal  subconscious  sensations 
more  than  compensate  the  loss  through  the  interference  of  arm- 
weight. 

This,  it  seems,  may  explain,  in  part  at  least,  how  the  weight 
of  the  arm  interferes  in  the  discrimination  of  lifted-weights. 
The  hypothesis  is  offered  as  such  only,  and  not  as  something 
proven,  simply  a  possible  explanation  for  a  part  of  the  problem. 
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Exanien  psychologique  des  aniniaux.  Nouvelle  methode  experimentale 
de  classificalion  des  especes  au  point  de  vue  psychologique.  Par 
Pierre  Hachet-Souplet.  Paris,  Schleicher  Freres,  1900.  pp. 
xvi-162. 
The  author  of  this  interesting  book  points  out  that  comparative 
psychologists  have  missed  the  most  natural  and  fruitful  method  of 
studying  animal  minds,  in  that  they  have  failed  to  appropriate  and 
use  systematicall)^  for  scientific  ends,  the  procedure  employed  by  pro- 
fessional trainers  for  practical  ends.  The  book  in  question  presents 
the  results  of  a  limited  application  of  this  method  ;  but  for  complete- 
ness and  certainty,  such  work  needs  to  be  done  in  connection  with 
great  zoological  gardens.  M.  Hachet-Souplet  announces  an  under- 
standing with  the  authorities  of  the  Jardin  d'acclitnation,  which 
makes  the  realization  of  his  project  of  a  great  zoological  laboratory, 
where  such  systematic  study  may  be  carried  on  unlimitedly,  only  a 
matter  of  time.  Certainly  much  is  to  be  hoped  for  from  the  adoption 
and  application  by  psychologists  of  the  methods  of  testing  animal  in- 
telligence in  this  large  and  free,  and  at  the  same  time,  strictly  experi- 
mental way.  Suggestions  of  a  like  tenor,  but  much  less  comprehen- 
sive, have  been  made  hy  Professor  Lloyd  Morgan;  of  which,  however, 
M.  Hachet-Souplet  appears  to  be  ignorant. 

Inasmuch  as  the  minds  of  animals  vary  independently  of  morpho- 
logical characters,  the  author  demands  a  new  classification  of  species 
based  strictly  upon  psychological  characters.  This  demands  study  of 
animal  minds  on  their  own  account,  absoluteh"  free  from  morphological 
leading  strings.  It  will  be  time  enough  to  reconcile  the  morphological 
and  the  psychological  classifications  after  each  separately  has  been  made 
out  with  some  degree  of  completeness.  The  psychological  criteria 
are  :  what  does  the  animal  do  under  given  conditions,  and  what  influ- 
ences does  he  respond  to.  Upon  the  basis  of  his  somewhat  wide  and 
varied  employment  of  the  -methode  de  dressage,  the  author  proposes  a 
tentative  scheme  of  classification  embracing  types  of  most  of  the  mor- 
phological categories.  This  scheme  consists  of  three  categories  :  ani- 
mals whose  sole  psychic  attribute  is  excitability  ;  those  subject  to  co- 
ercion ;  those  subject  to  persuasion.  The  first  category  is  self-explana- 
tory, and  includes  only  the  protozoans.  The  second  category  contains 
those  animals  possessing  primitive  instincts — nutrition,  reproduction, 
and  conservation  {difeyice) — and  functional  memory,  i.  e.,  memory 
connected  always  with  some  bodily  function.  The  animal  perceives, 
in  the  external  world,  the  conditions  of  satisfying  the  primary  in- 
stincts ;  but  this  consciousness  is  strictly  connected  with  the  return  of 
functional  need,  and  leaves  no  independent  image  in  the  nervous  or- 
ganism. There  are  two  sub-categories  based  upon  the  relative  com- 
plexity of  the  functional  memory.  This  categorj'  includes  animals  as 
widely  variant  as  Medusa  and  deer.  Training  is  by  coexcitaiion,  i.  e., 
by  modifications  of  external  conditions  or  fear — whereby  the  siirs  in- 
stincts are  readapted. 

The  third  category  contains  all  the  higher  animals.  They  possess 
intelligence  :  /.  e.,  their  brains  are  capable  of  preserving  impressions 
of  perceptions  independent  of  immediate  functional  needs.     Such  an 
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animal  is  like  a  closed  vase  in  which  ideas  develop,  jostle  each  other, 
and  combine.  The  result  of  the  jostlings  and  combinations  is  a  diier- 
tninatiojt,  in  the  sense  of  the  domination  in  consciousness  of  one  or 
other  of  the  ideas.  In  animals,  as  in  man,  this  gives  the  illusion  of 
choice  and  free  intelligence.  Animals  in  this  category  are  capable  of 
being  persuaded,  /.  ^.,  of  conceiving  cause  and  effect  as  man  conceives 
them.  They  understand  when  man  seeks  to  show  them  hy  "  une 
tnifnique  earpressive,"  the  relation  oi  cause  and  effect.  Such  menta- 
tion M.  Hachet-Souplet  thinks  he  has  demonstrated  in  some  of  the 
higher  animals.  There  are  three  sub-categories,  dependent  upon  the 
degree  to  which  the  animals  are  subject  to  persuasion  ;  and  upon  the 
presence  of  secondary  (acquired)  instincts.  He  is  a  warm  partisan  of 
the  "  lapsed  intelligence  "  theory,  and  thinks  the  thesis  easily  demon- 
strable by  his  method  of  investigation.  This  category  includes  types 
as  remote  as  the  ant  and  the  chimpanzee.  To  the  higher  animals  are 
attributed  imagination,  abstraction,  aesthetic  sense,  personality  and 
other  high  mental  powers.  These  attributions,  however,  are  made 
guardedly  and  on  the  basis  of  experiment  ;  not  at  all  in  the  loose  man- 
ner of  Romanes,  whom  M.  Hachet-Souplet  constantly  criticises. 

The  obvious  strictures  upon  the  book  are  :  the  somewhat  superficial 
character  of  some  of  the  psychological  analysis  ;  the  ignorance  or  dis- 
regard for  some  important  recent  work  in  animal  psychology — there 
is  no  mention  of  Morgan,  Thorndike,  Bethe,  Wasman,  Peckham  ei 
al.;  and  the  fact  that  his  zeal  for  the  evolutionary  philosophy  (Spen- 
cer's) occasionally  carries  him,  in  his  interpretations,  beyond  his  facts. 

Nevertheless,  this  book  is  a  valuable  and  interesting  contribution  to 
positive  comparative  psychology — and,  withal,  brilliantly  written. 

W.  S.  Small. 

Psychology,  Empirical  and  Rational.  (Stonyhurst  Philosophical 
Series,  No.  5.)  By  Michael  Maker,  S.  J.  Fourth  edn.,  revised 
and  enlarged.  London,  New  York  and  Bombay.  Longmans,  Green 
&  Co.,  1900.     pp.  xxii,  602,  xii.     Price,  6/6. 

In  this  new  edition,  the  modifications  up  to  ch.  ix  are  slight,  ex- 
cept that  more  space  is  devoted  to  physiology  and  psychophysics.  Chs. 
xiv  (origin  of  intellectual  ideas),  xvi  to  xix  (attention  and  appercep- 
tion ;  development  of  intellectual  cognition  ;  rational  appetency  ;  free 
will  and  determinism),  xxii  (false  theories  of  the  ego)  and  xxiv 
(immortality  of  the  soul)  are  almost  whollj'  new  ;  the  supplement  on 
hypnotism,  and  the  criticisms  of  the  theories  of  James  and  Hoffding, 
appear  for  the  first  time.  The  historical  sketches  have  throughout 
been  substantially  increased. 

For  the  rest,  the  plan  and  scope  of  the  work  remain  as  before. 
Thomas  Aquinas  is  the  constant  standard  of  reference;  and,  while  the 
author  does  good  service  in  calling  the  attention  of  scientific  psycholo- 
gists to  authors  with  whom  they  are  but  little,  if  at  all  familiar,  he 
has  himself  no  adequate  knowledge  or  appreciation  of  the  course  of 
scientific  psychology.  E.  B.  T. 

From  India  to  the  Planet  Mars  :  a  Study  of  a  Case  of  Somnambulism, 
with  Glossolalia.  By  Th.  Flournoy,  Professor  of  Psychology  at 
the  University  of  Geneva.  Translated  by  D.  B.  Vermilye,  New 
York  and  London  ;  Harper  Bros.,  1900.    pp.  xx,  447.    Price,  $1.50. 

The  original  of  this  translation  was  reviewed  in  the  A mericaji  Jour- 
nal of  Psychology  for  April,  1900  (Vol.  XI,  pp.  428  ff.).  As,  however, 
the  book  is  attracting  much  attention,  both  from  psychologists  and 
from  the  general  public,  and  as  its  contents  will  strike  different  readers 
very  differently,  I  take  the  opportunity  afforded  by  the  appearance  of 


266  PSYCHOLOGICAI.   LITERATURE. 

au  English,  edition  to  say  a  few  words  about  the  remarkable  case  of 
automatism  described  in  its  pages. 

The  subject  of  the  memoir  is,  as  is  well  known,  a  certain  '  Mdlle. 
H^lene  Smith,'  an  unmarried  woman  of  about  thirty-five  years  of  age, 
"  earning  an  honorable  living  as  an  employee  of  a  commercial  house." 
M.  Flouruoy  has  been  at  great  pains  to  gather  data  concerning  '  Mdlle. 
Smith's'  childhood  and  youth — wisely,  since  such  data  are  of  extreme 
importance  for  the  understanding  of  her  story.  We  learn  that  she 
was  a  child  of  somewhat  dull  intelligence,  at  least  as  measured  by 
school  standards  (p.  i8);  that  she  was  given  to  day-dreaming  and  rev- 
erie ;  that  she  was  subject  to  occasional  hallucinations  ;  that  she  felt 
herself  out  of  place  in  and  superior  to  her  family  surroundings,  so  that 
she  "  one  day  seriously  asked  her  parents  if  she  was  their  daughter  " 
('27),  and  her  father  and  brothers  were  apt  to  rebuke  her  for  pride  ;  and 
that  she  was  of  a  melancholy,  timid,  nervous  disposition.  "  Hdl^ne 
Smith  was  certainly  predisposed,  both  by  heredity  [on  the  mother's 
side]  and  temperament  to  become  a  medium  "  (19).  Nevertheless,  she 
'  outgrew  '  these  systoms  of  nervous  disorder  :  the  "  tendency  to  men- 
tal disintegration,  which  marked  the  years  of  puberty,  was  succeeded 
by  a  progressive  diminution  of  these  troubles."  "  We  may  infer  .  . 
that  the  ebullitions  of  the  imaginative  subconscious  life  gradually  be- 
came calm  after  the  explosion  of  the  period  we  have  mentioned.  .  . 
A  certain  equilibrium  was  established  between  the  necessities  of  prac- 
tical life  and  her  inward  aspirations."  "  We  may  presume  that  this 
harmonization  ....  would  in  time  have  perfected  itself,  and 
that  the  whole  personality  of  Mdlle.  Smith  would  have  continued  to 
consolidate  itself"  (32  f.)-  In  a  word,  if  she  had  been  left  to  herself, 
'  Mdlle.  Smith  '  might  have  become  a  normal  personality,  and  have 
been  the  healthy  mother  of  commonplace  children  (32,  131).  Fortun- 
ately or  unfortunately,  as  the  reader  may  choose,  she  fell  (at  about 
the  age  of  twenty-seven)  under  the  influence  of  some  spiritualistic 
friends;  "spiritism  ....  came  all  of  a  sudden  to  rekindle  the 
fire  which  still  slumbered  under  the  ashes,  and  to  give  a  new  start  to 
the  subliminal  mechanism  which  was  beginning  to  grow  rusty."  This 
fact — the  fact  of  the  spiritistic  manufacture  of  '  Mdlle.  Smith's  '  med- 
iumship — should  not  be  overlooked. 

Another  point  of  interest  is  the  following.  It  was  "the  age  of 
puberty  "  in  '  Mdlle.  Smith  '  that  "  began  to  favor  the  development 
of  the  Oriental  visions."  Now  the  '  Leopold  '  of  the  revived  sublimi- 
nal imagination  has  his  origin,  in  M.  Flournoy's  judgment,  in  the 
sexual  coeuaithesis  of  the  medium.  "  He  represents  ....  the 
synthesis,  the  quintessence, — and  the  expansion,  too, — of  the  most  hid- 
den springs  of  the  psychological  organism.  He  gushes  forth  from  that 
deep  and  mysterious  sphere  into  which  the  deepest  roots  of  our  indi- 
vidual existence  are  plunged, which  bind  us  to  the  species  itself,  .  . 
and  where  confusedly  spring  our  instincts  of  physical  and  moral  self- 
preservation,  our  sexual  feelings  "  (87).  "The  real  and  primordial  ori- 
gin of  Leopold  is  to  be  found  in  that  deep  and  delicate  sphere  in  which 
we  so  often  encounter  the  roots  of  hypuoid  phenomena  "  (91).  "  He  is 
not  troubled  about  her  general  health His  attention  is  con- 
centrated upon  certain  special  physiological  functions,  of  the  normal 

exercise  of  which  he  takes  care  to  be  assured He  has  for 

several  years  formally  laid  his  ban  upon  every  kind  of  mediumistic 
exercises  at  certain  very  regular  periods"  (133  f.).  Leopold  is  thus  the 
personification  (and  M.  Flournoy  offers  a  reasonable  account  of  the 
building-up  of  his  personality:  91  ff.)  of  "scruples  more  or  less 
vaguely  felt,  certain  hesitations  or  apprehensions,  inhibiting  feelings 
or  tendencies," — of  "  instinctive  feelings  and  emotional   tendencies," 
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— characteristic,  to  some  extent,  of  the  feminine  mind  in  general,  but 
culminating  in  the  present  instance  in  "  knowledge  and  prevision  of 
the  most  intimate  phenomena  of  the  organism  "  and  an  unusually  re- 
fined coena2sthetic  sensibility.  In  the  light  of  this  analysis  it  is  intel- 
ligible that,  in  her  ordinary  social  relations,  '  Mdlle.  Smith' — appar- 
ently, whether  she  is  under  the  immediate  direction  of  Leopold  or  not 
— shows  a  modesty  and  reserve  that  amount  almost  to  prudery  (89  f., 
28,  131).  The  sexual  instinct  finds  its  satisfaction — in  an  idealized  and 
platonic  way,  but  none  the  less  really — iu  the  occurrences  of  the  trance- 
life  (8;  115;  287  f.,  289  f.,  293,  341). 

I  have  no  intention  of  following  M.  Flournoy  through  his  analysis  of 
thethree  '  cycles,' the  Martian,  the  Hindoo,  and  the  Royal.  He  has  done 
his  work  with  extreme  patience  and  acumen.  Indeed,  when  one  remem- 
bers the  almost  infinite  possibilities  of  suggestion  to  which  '  Mdlle. 
Smith'  has  been  exposed  on  the  confines  of  her  trances  (a  point  sufficiently 
emphasized  by  the  author  :  49  ff.,  93,  146,  etc. ),  one  marvels  at  the  high 
measure  of  success  in  explanation  that  M.  Flournoy  has  attained.  Few- 
psychologists  will  dispute  his  conclusion  that  the  'secondary  person- 
alities' "do  not  exist  outside  of  Mdlle.  Smith,"  but  have  their  genesis 
within  her  mental  life.  And  even  those  who,  like  the  present  writer, 
have  no  great  affection  for  the  'subliminal  self,' but  rather  believe 
with  Galton  that  the  terms  '  individuality  '  and  '  personality  '  are  apt  to 
be  psychologically  misleading, — even  they  will  readily  admit  that  M. 
Flournoy's  methodical  study  proves  the  high  value  of  subconscious  im- 
agination as  a  working  hypothesis.  As  for  the  outcome  of  the  author's 
study  of  the  '  supernormal,' — "  I  believe  I  have  actually  found  a  little 
telekinesis  and  telepathy  [though  the  appearances  of  lucidity  and 
spiritistic  communication  are  explicable  in  terms  of  the  hypnoid  im- 
agination],"— the  critic  can  only  note  that  his  attitude  to  the  phenom- 
ena is  rather  that  of  "  I  can't  disprove  the  things:  let  them  rest  for 
further  investigation  "  than  that  of  positive  acceptance  (381 ;  389;  396, 
401;  407,  13;  424;  445). 

In  his  conclusion,  M.  Flournoy  lays  just  emphasis  upon  the  difficulty 
of  the  "  neuropathological  problem  of  mediumship."  "To  endeavor 
to  fix  the  connections  of  mediumship  with  other  functional  affections 
of  the  nervous  system,  it  would  first  be  necessary  to  possess  exact  in- 
telligence on  a  number  of  important  points  still  enveloped  in  ob- 
scurity." We  must  understand  "the  phenomena  of  periodicity,  of 
meteorological  and  seasonal  influences,  of  impulses,  and  of  fatigue;" 
"the  relations  of  equivalence  and  substitution  between  the  various 
modalities  of  automatism  ;"  "  the  effect  of  spiritistic  seizures,  and  es- 
pecially of  that  of  the  seances,  upon  nutrition  and  denutrition  (varia- 
tions of  temperature,  of  urotoxicity,  etc.)."  These  are  wise  words  ; 
and  one  can  only  express  the  hope,  with  the  author,  that  "  a  near 
future  will  establish  some  good  mediums  and  their  observers  in  prac- 
tical conditions  favorable  to  the  elucidation  of  these  various  prob- 
lems, and  that  the  day  will  come  when  the  true  place  of  mediumship 
in  the  framework  of  nosology  will  be  discovered  "  (441  f.). 

The  translation,  save  for  a  few  slips  due  more  to  hasty  work  than  to 
misunderstanding,  seems  to  be  accurately  made.  Unfortunately,  Mr. 
Vermilye  cherishes  the  conviction — surely  erroneous — that  any  phrase 
in  the  English  language,  however  constructed,  can  be  grammatically 
added  to  any  other  phrase  by  means  of  the  magic  connectives  "  and 
which."  The  application  of  this  principle — which,  on  M.  Flournoy's 
model,  may  be  termed  the  principle  of  Mrs.  Sarah  Gamp — leads  to  sen- 
tences like  the  following  (italics  mine).  "  The  spontaneous  phe- 
nomena of  this  category  ....  can  be  subdivided  into  two  classes, 
according  to  their  direct  attachment  to  the  personality  of   Leopold,  or 
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their  not  belonging  to  any  distinct  personality,  and  which  only  ex- 
press in  a  vivid  manner  the  result  of  the  normal  working  .... 
of  the  faculties  of  memory  and  of  reason  "  (58).  But,  if  the  transla- 
tion has  faults  of  st3'le,  the  translator's  Preface  adopts  a  tone  which  is 
simply  inexcusable.  To  suggest  that  "  the  scientific  investigation  of 
psychic  phenomena  may  succeed  in  proving  the  preamble  of  all  re- 
ligions ''  (ix)  is  to  put  the  prospective  reader  in  a  frame  of  mind  the 
very  opposite  of  that  which  the  reading  of  the  book  demands,  and 
which  the  writer  of  the  book  desires.  Future  editions  of  the  work 
should  be  supplied  with  an  index.  E.  B.  T. 

L'annee  psychologique.  Publiee  par  A.  Binet,  avec  la  collaboration 
de  H.  Beaunis,  Th.  Ribot,  etc.  Secretaire  de  la  redaction,  V. 
Henri.  Quatrieme  Aunee,  1898,  pp.  849;  Cinquieme  Annee,  1899, 
pp.  902.  Paris  :  Librairie  C.  Reinwald  ;  Schleicher  Freres,  Edi- 
teurs. 

These  two  volumes  amply  sustain  the  reputation  that  their  prede- 
cessors have  won  for  M.  Binet  and  his  coadjutors.  Vol.  IV  opens  with 
an  article  by  MM.  Binet  and  Vaschide  upon  psychology  at  the  pri- 
mary school.  This  is  followed  by  seventeen  papers,  from  the  pens  of 
the  same  authors,  dealing  with  the  measurement  of  muscular  strength, 
respiration,  etc.,  of  school  children.  A  critique  of  the  oval  hand- 
dynamometer  and  of  the  Mosso  ergograph  will  be  extremely  useful  to 
the  experimental  psychologist.  M.  Binet  then  contributes  three  es- 
says upon  topics  akin  to  those  mentioned,  and  M.  Vaschide  writes 
upon  the  influence  of  prolonged  intellectual  work  upon  the  rapidity 
of  the  pulse.  M.  Bourdon  discusses  the  application  of  the  graphic 
method  to  the  study  of  the  intensity  of  the  voice,  and  the  results  of 
recent  investigations  of  the  visual  perception  of  depth.  M.  Leclere's 
"  Description  of  an  Object  "  is  an  interesting  piece  of  individual  psy- 
chology. 

In  Vol.  V,  M.  Joteyko  gives  a  '  revue  geuerale  '  of  muscular  fatigue, 
and  M.  Henri  of  the  '  muscular  '  sense.  M.  Binet  writes  on  suggesti- 
bility, as  a  factor  in  individual  psychology  ;  and  this  author,  with 
MM.  Henri  and  Larguier,  deals  again  with  the  questions  of  intellectual 
work  and  its  measurement.  There  are,  further,  articles  by  M.  Bour- 
don, on  horizon  illusions  ;  by  I\I.  Clarapede,  on  stereognostic  percep- 
tion ;  by  M.  Claviere,  on  colored  hearing  ;  by  Professor  Zwaardemaker, 
on  olfactory  sensation  ;  by  M.  Marage,  on  the  phonographic  study  of 
vowel  sounds  and  on  cephalometry  ;  by  M.  Blum,  on  paidology  ;  by 
M.  Larguier,  on  dynamometry  ;  by  M.  Demeny,  on  chronophoto- 
graphic  apparatus  ;  and  by  M.  Manouvrier,  on  anthropological  cepha- 
lometry.    A  good  and  varied  programme  ! 

Both  volumes  contain,  besides  these  original  articles,  abstracts  and 
reviews  of  the  most  important  publications  of  their  respecive  years, 
and  a  complete  bibliography. 

U Annee  Psychologique,  publiee  par  Alfred  Bixet.  Sixieme  Annee. 
Schleicher  Freres,  Paris,  1900.     pp.  774. 

This  most  welcome  volume  differs  from  its  predecessors  in  giving 
the  first  492  pages  to  original  articles,  three  of  which  are  by  Binet,  and 
all  of  which  are  interesting  and  valuable. 

The  bibliography  itself  occupies  130  pages,  so  that  only  123  are  de- 
voted to  actual  digests  of  a  limited  number  of  articles.  These  are  so 
good  that,  despite  the  excellence  of  the  original  contributions,  many 
will  regret  that  more  space  was  not  giver,  to  this  department  of  the 
Annde. 
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U Evolution  du  droit  ct  la  conscience  sociale.     Par  L.  Tanon,  presi- 
dent h  la  Cour  de  Cassation.    Paris,  F.  Alcan,  1900.  pp.  166.   Price, 
fr.  2.50. 
All  legal  rules  and   institutions  have  been   determined,  on  the  one 
hand,  by  utility  and  the  conditions  of  living,  and  on  the  other  by  the 
successive  stages  by  the  developing  social  consciousness.     The  term 
"  common  good  "  is  that  which  best  covers  the  facts  ;  it  enables  us  to 
oppose  to  the  principles  of   "  natural  law  "   a  positive  conception,  of 
legal  value,  and  according  with  the  data  of  history. 

David  Hume,  moraliste  et  sociologue.  Par  G.  Lechartier.  Paris, 
F.  Alcan,  1900.  pp.  278.  Price,  fr.  5.00. 
Hume's  work  has  at  least  the  negative  value  of  combating  the  exag- 
gerated pretensions  of  the  speculative  reason.  But  it  also  forms  a  posi- 
tive proptedeutic  to  a  true  philosophy.  M.  Lechartier  opens  his  book 
with  a  brief  biograph}-  of  his  subject.  Then  follows  an  account  of  the 
ethical  problem  before  Hume,  whose  own  contribution  to  philosophy 
is  considered  in  two  chapters,  under  the  titles  of  Philosophie  theorique 
and  Philosphie  pratique.  The  volume  concludes  with  a  translation  of 
"  A  Dialogue." 

Leitfaden  der  physiologischen  Psychologie,  in  /j  Vorlesungen.     Von 
Th.  Ziehen.     Fiinfte,   theilweise  uuigearbcitete   Aufl.     Jena,  G. 
Fischer,  1900.     pp.  v,  267. 
The  text  of  this  fifth  edition  differs  only  in  minor  points  from  that 
of   1898.     The  references  have  been  brought  up  to  date,  and   four  new 
cuts  appear  (Fig.  7,  section  through  a  Papilla  foliata  of  a  rabbit ;  Fig. 
12,  schema  of  the  structure  of  the  organ  of  Corti ;  Fig.  13,  schema  of 
the  structure  of  the  retina  ;  and   Fig.  23,  schematic  representation  of 
the  affective  tone  of  an  idea).  Fuller  treatment  is  accorded  to  the  pro- 
cess of  Recognition  in   Lect.  X.     By  the  use  of  a  somewhat  smaller 
type,  the  book  has  been  kept  down  to  its  former  size. 

Mind  and  Body.     By  A.  Bain.     pp.  49.     Price,  c.  15. 

Illusions  0/  the  Senses.     By  R.  A.  Proctor,     p.p.  41.     Price,  c.  15. 

Hypnotism  :  its  History  and  Present  Development.     By  F.  Bjoern- 
STROEM.     pp.  126.     Price,  c.  30. 

Body  and  Mind,  with   Other  Essays.     By  W.  K.  Clifford,     pp.  47. 
Price,  c.  15. 

Mental  Suggestion.     By.  J.  Ochorowicz.    pp.  96,  369.    Price,  |i.20. 

Nos.  13,  82,  113,  145,  152-8  of  the  Humboldt  Library  of  Science.  New 
York  ;  The  Humboldt  Publ.  Co.,  1880-92. 
We  are  glad  to  call  the  attention  of  our  readers  to  the  psychological 
volumes  of  the  Humboldt  Library.  The  parts  are  published  in  pam- 
phlet form,  with  a  page  of  about  23  by  15  cm.  The  earlier  numbers 
were  printed  in  double  columns  and  (apparently)  from  photographic 
films  :  the  text  is  small  and  broken.  The  later  volumes  have  a  single- 
line  page,  and  the  text  is  clear  and  good.  In  supplying  a  book  like 
Clifford's  "  Essays  "  in  this  form  and  at  this  price,  the  publishers  have 
deserved  well  of  the  psychological  community. 

Sensation  et  Mouvem-ent,   Pltudes  expdrimeniales  de  psycho-mdchan- 

ique.     Par  Ch.  Fere.     Deuxieme  edition,  revue.     Paris,  F.  Alcan, 

1900.     pp.  170.     Price,  fr.  2.50. 

The  first  edition  of  this  well-known  littlebook  was  published  in  1887. 

The  text  has  now  been  revised,  and  minor  changes  in  expression  made 

at  various  points,  while  new  notes  and  references  have  been  added. 
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Questions  de  Morale,  Le^^ons  pro/essdes  au  College  libre  des  Sciences 
sociales.  Par  G.  BE1.0T,  M.  BernES,  F.  Buisson,  A.  Croiset,  V. 
Delbos,  a.  Darlu,  E.  Fourniere,  p.  Malapert,  G.  Moch,  D. 
Parodi,  G.  Sorel.     Paris,  F.  Alcan,  1900.     pp.  vii,  331. 

The  ethical  addresses  delivered  at  the  College  libre  des  Sciences 
sociales  in  1899  were  collected  in  a  single  volume,  under  the  title 
Morale  sociale.  Encouraged  by  the  success  of  this  book,  the  Council 
of  Direction  now  issue  the  addresses  of  1900,  as  Vol.  VIII  of  the  Alcan 
Library  of  Social  Science.  Twelve  lectures  are  printed  in  full.  M. 
Sorel  writes  on  science  and  morality ;  M.  Moch  on  the  subject  of  the 
book  prepared  by  him  in  collaboration  with  M.  von  Egidy, — '  L'Ere 
sans  violence;'  M.  Darlu  on  Christian  ethics  and  the  consciousness  of 
to-day  ;  M.  Sorel,  again,  on  the  moral  factors  in  evolution  ;  M.  Delbos 
on  Kant  and  the  science  of  ethics  ;  M.  Croiset  on  Greek  ethics  ;  M. 
Bernes  on  the  conditions  of  action  ;  M.  Parodi  on  reason  and  instinct 
in  morality  ;  M.  Belot  on  luxury  ;  M.  Fourniere  on  Guyau's  ethics  ;  M. 
Malapert  on  social  justice  ;  and  M.  Buisson  on  moral  and  religious 
education.  The  volume  contains,  further,  abstracts  of  the  addresses 
delivered  by  MM.  Boutroux  and  Croiset  on  the  opening  of  the  School 
of  Ethics,  Nov.  27,  1899. 

Uber  Psychologie  der  individuellen  Differenzen  {Ideen  zu  einer  Dif- 
ferentiellen  Psychologie),  von  L.  William  Stern.  Schriften  der 
Gesellschaft  fiir  Psychologische  Forschung.  Leipzig,  Verlag  von 
Johann  Ambrosius  Barth,   1900.     pp.  144.     Price,  M.  4  50. 

The  book  is  a  valuable  and  needed  r^sum^  and  critique  of  the  work 
already  done  in  a  subject  which  has  grown  up  in  its  present  form  as  a 
protest  against  the  indiscriminate  massing  together  of  the  results  of 
psychological  experimentation,  and  an  examination  of  its  aims  and 
methods.  It  is  divided  into  three  parts,  the  first  treating  of  the  nature, 
tasks  and  methods  of  differential  psychology  ;  the  second  of  some  of 
the  fields  of  mental  differentiation  and  their  experimental  investiga- 
tion ;  and  the  third  devoted  to  a  select  bibliography  of  the  subject. 
The  author's  exclusion  from  the  bibliography  of  a  mass  of  more  or 
less  available  material  was  doubtless  due  to  the  necessity  of  curtail- 
ment on  account  of  lack  of  space.  Practically  a  complete  bibliography 
of  differential  psychology  would  be  a  bibliography  of  experimental 
psychology. 

Chap.  I  of  the  work  discusses  differential  as  opposed  to  general  psy- 
chology, psychological  types,  individuality,  the  normal  and  abnormal. 
As  regards  terminology,  the  name  "differential  psychology"  is  pre- 
ferred to  that  of  "  characterology "  (Bahnsen),  "Ethology"  (Mill) 
or  "individual  Psychology"  (Binet,  Henri,  Kriipelin,  and  others). 
"  Characterology  "  and  "Ethology"  are  considered  too  narrow.  "In- 
dividual psychology"  is  already  employed  with  another  meaning  as 
opposed  to  folk  and  social  psychology.  Chap.  II  reviews  the  methods 
of  differential  psycholog}':  introspection;  observation;  the  psychologi- 
cal studies  of  history  and  poetry  (where  observation  is  directed  upon 
secondary  sources),  and  of  the  evolution  of  culture,  the  questionnaire 
or  census  method  (^MassenprUfung ,  Enquefe),  and  experimentation. 
He  thinks  the  questionnaire  method  should  be  used  with  the  greatest 
possible  care,  and  that  the  Prilflitig  (he  prefers  this  term  to  reagent 
or  Versuchsperson)  should  be,  if  possible,  a  trained  psychologist.  The 
author  seems,  however,  quite  to  overlook  the  suggestive  value  of  the 
questionnaire  in  opening  up  new  fields  of  investigation.  Under  the 
method  of  experimentation,  the  author  discusses  what  a  "mental 
test"  is  and  declares  that  an  hour  and  a  half,  as  given  by  Binet  and 
Henri  to  the  testing  of  the  memory,  imagination,  attention,  etc.,  of  a 
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single  individual  is  entirely  inadequate,  a  point  that  may  be  regarded 
as  well  taken  or  the  reverse  according  to  the  purpose  for  which  the 
examination  is  made.  Chap.  Ill  treats  of  natural  ability  to  distinguish 
and  of  active  sensibility.  Here  the  question  as  to  whether  individual 
differences  rest  upon  sensation  or  the  higher  mental  activities  is  taken 
up.  When  one  remembers  the  significance  of  this  question  as  regards 
the  extraordinar}'  powers  exhibited  bj^  certain  individuals  in  a  given 
direction,  one  regrets  with  the  author  that  Binet  and  Henri  did  not 
demonstrate  their  formula  "  the  higher  the  psychical  function,  the 
greater  the  individual  deviations,"  by  experiment,  although  there  is 
perhaps  sufficient  empirical  material  already  at  iiaud  to  justify  the 
tentative  use  of  the  formula.  Chap.  IV  takes  up  the  determination  of 
the  general  perception  type  and  the  formal  perception  type,  meaning 
by  the  latter  the  type  as  regards  the  perception  of  time  and  space  rela- 
tions. Chaps.  V-VII  are  devoted  to  the  excellence  of  the  memory  and 
the  differentiation  in  memory  content ;  to  association  ;  and  to  apper- 
ception types.  Chap.  VIII  deals  with  continuous  and  momentary  dis- 
traction of  the  attention,  with  distractability  and  energy  of  attention, 
and  with  distractability  and  soundness  of  sleep.  The  topics  of  Chaps. 
IX-XII  are  :  ability  to  make  combinations  ;  defiuiteuess  and  reliability 
of  the  judgment,  suggestibility  of  the  judgment,  subjective  and  ob- 
jective types  of  judgment  ;  reaction  types ;  and  the  feelings.  In  Chap. 
XIII  (on  Psychic  Tempo)  the  author  reports  the  results  of  some  pre- 
liminary experiments  which  go  to  show  that  each  has  a  time  in  which 
he  naturally  acts  and  reacts.  In  Chap.  XIV  day  and  night  curves  of 
psychical  energy  and  the  characteristic  quality  of  work  are  consid- 
ered. Like  so  many  German  books,  this  book  would  be  much  increased 
in  value  by  an  adequate  index.  Ivii^i^iE  J.  Martin. 

Prison  Laboratories.  By  C.  R.  Henderson.  American  Journal  of 
Sociology,  Nov.,  1900.  pp.  316-323. 
The  author  embodies  the  report  of  a  committee  appointed  in  1899  by 
the  National  Prison  Association  "  to  consider  the  wisdom  of  establish- 
ing laboratories  in  a  limited  number  of  prisons."  The  committee  re- 
ported favorably,  recommending  laboratories  which  shall  be  perma- 
nent, under  the  control  of  well-trained  experts,  with  the  practical 
motive  of  studying  the  personal,  hereditary  and  environmental  influ- 
ence of  the  prisoners.  Records  are  to  be  kept  of  body  measurements, 
mental  activity  in  attention  and  perception,  in  making  associations, 
comparisons,  and  in  reasoning,  a  work  which  has  not  been  done  here- 
tofore. It  is  hoped  that  if  the  causes  of  crime  are  not  found,  at  least 
a  means  of  its  amelioration  may  be.  Ezra  ALt,EN. 

Individual  Tests  of  School  Children.  By  E.  A.  Kirkpatrick.  Psy- 
chological Review,  VII,  1900,  274-280. 
In  studying  tests  of  general  mental  ability  Professor  Kirkpatrick 
has  discovered  that  the  study  of  500  children  of  grades  1-8  for  keen- 
ness of  sensory-motor  reactions  showed  that  the  curve  rises  to  the 
sixth  grade  or  so,  and  then  remains  stationary,  or  declines.  He  infers 
that  there  must  be  different  tests  for  different  stages  of  development, 
and  that  quick  reaction  in  these  matters  may  be  no  criterion  of  gen- 
eral ability  in  college  students.  M.  F.  Libby. 

The  Old  and  the  New  Magic.     Dr.   Paul  Carus.     Open  Court,  Vol. 
XIV,  1900.  333-348,  422-437. 

The  old  magic  sought  to  transcend  human  knowledge  by  supernat- 
ural methods,  by  the  assistance  of  invisible  presences.  This  idea, 
strong  in  the  Middle  Ages,  still  exists.  In  primitive  society  religion 
is  magic.     The  manhood  of  man  is  to  be  gained  by  science  through 
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the  conquest  of  all  magic.  Magic  as  superstition  is  doomed.  As  art 
it  will  live.  A  knowledge  of  conjuring  tricks  is  desirable,  and  the 
author  advises  its  communication  in  the  education  of  children. 

In  the  observation  and  detection  of  magical  tricks  scientists  are 
likel}'  to  err  widely.  Prof.  Zollner  failed  to  notice  the  trifling  acts  of 
the  medium,  which  were  really  the  important  things.  The  psycho- 
logical problem  in  the  case  of  the  extravagant  tales  of  the  wonders  of 
foreign  magicians  is  as  to  the  state  of  mind  of  the  narrator.  The 
triviality  of  a  number  of  these  tricks  are  shown.  The  article  is  a  good 
popular  presentation.  Norman  Triplett. 

The  Modern  Occult,  by  Prof.  Joseph  Jastrow.  Pop.  Sci.  Monthly, 
Sept.,  1900. 

The  author  shows  the  relation  of  the  modern  occult  to  ancient 
occultism,  and  discusses  the  present-day  phases  of  Theosophy,  Spir- 
itualism and  Christian  Science,  with  a  passing  mention  of  Alchemy, 
Astrology,  Phrenology,  Palmistry  and  Divine  Healing.  Christian  Sci- 
ence, so-called,  is  perhaps  calculated  to  exercise  a  wider  influence  than 
the  other  cults. 

The  reason  for  the  development  of  these  occult  beliefs  are  :  ignor- 
ance, a  somewhat  feeble  cast  of  mind  that  does  not  perceive  the  errors 
of  false  logic,  and  tends  naturally  to  superstition,  and  an  undue  anx- 
iety concerning  one's  own  personality.  The  antidote  lies  in  the  diffu- 
sion of  exact  knowledge.  Margaret  K.  Smith. 

La  psychologic  de  iSgg  a  igoo,  par  Th.  Ribot.  Revue  scientifique,  T. 
XIV,  353-356.  Sept.  22,  1900. 
In  this  presidential  address  before  the  recent  Psychological  Con- 
gress Ribot  reviews  Psychology  from  1889-1900.  In  1889  the  interest 
was  chiefly  in  hypnotism,  mind-reading,  etc.;  in  1892  in  psycho- 
physics,  nervous  system,  and  exact  experiment ;  in  '96  in  everything 
that  could  help  in  any  way  ;  psychophysiology,  psychology  of  normal 
and  abnormal  persons,  and  comparative  psychology.  In  1900  we  begin 
to  find  that  the  psychologist  must  interpret  what  the  neurologist  and 
physiologist  discover.  In  memory  and  association  good  work  is  being 
done  in  study  of  children  and  unconscious  association,  the  latter  amid 
keen  controversy.  The  study  of  attention  and  motor  and  sensorial  re- 
actions tends  to  show  that  reactions  depend  on  individual  constitu- 
tion. Whether  attention  increases  intensitj^  and  clearness  of  repre- 
sentations is  still  doubtful.  He  hopes  for  more  theses  on  the  emotions, 
and  on  complex  processes  generally,  such  as  reasoning  and  imagina- 
tion. Accuracy  can  be  got.  by  a  firm  empirical  basis  in  art,  anthro- 
pology, linguistics,  etc.  Sound  work  is  being  done  in  genetic  P5"S- 
chology  on  this  basis,  and  much  may  be  hoped  in  psychology  of 
character,  and  of  the  tribe.  Germans  and  Americans  lean  to  psycho- 
physics,  French  and  Italians  to  abnormal  psychology,  and  English  to 
introspection.  We  do  not  at  present  want  general  outlines  of  psy- 
chology so  much  as  monographs.  M.  F.  Libby. 

La  question  des  niethodes  en  psychologic,  par  M.  GuiDO  Vii^la.  Revue 
scientifique,  T.  XIV,  357-362,  22  Sept.,  1900. 

In  this  Villa  discusses  methods  in  psychology.  He  also  advocated 
freer  scope  in  handling  the  vast  subject  matter  of  human  and  animal 
history  from  the  point  of  view  of  psychology,  and  praised  the  Ameri- 
can methods  as  illustrated  by  the  non-mathematical  yet  empirically- 
grounded  and  scientific  interpretations  of  James  and  Baldwin,  rather 
at  the  expense  of  the  timorously  accurate  German  methods,  while  ad- 
mitting that  the  latter  had  overthrown  the  introspective  literary  dilet- 
tantism of  the  i8th  Century.    His  whole  argument  is  to  the  effect  that 
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having:  learned  the  meaning  of  scientific  methods  of  introspection  it  is 
time  to  move  ou  toward  interpreting  the  history  of  the  human  mind 
wherever  we  get  facts  about  it,  instead  of  confining  ourselves  to  such 
facts  about  it  as  can  be  handled  with  mathematical  precision. 

M.  F.  LiBBY. 

La  Philosophie  de  H.  Taine,  par  Giacomo  Barzellotti.  Tr.  from  the 
Italian  by  Auguste  Dietrich.  F.  Alcan,  Paris,  1900.  pp.  448. 
This  is  an  exposition  of  Paine's  philosophy  and  his  method,  and  seeks 
to  show  that  his  genius  was  an  eminent  expression  of  the  Zeitgeist, 
both  intellectual  and  aesthetic,  that  as  such  his  systematizations  made 
not  only  for  mental  economy,  but  that  his  thoughts  were  the  seats  of 
other  harvests. 

Les  Dilemmes  de  la  MSfaphysique  Pure,  par  Charles  Renouvier. 
F.  Alcan,  Paris,  1901.  pp.  288. 
The  dilemmas  are — the  unconditioned  and  the  conditioned,  substance, 
the  all  or  function  of  phenomena,  the  infinite  and  the  finite,  determin- 
ism and  liberty,  the  thing  or  the  person.  These  are  all  reduced  to  one 
alternative,  to  one  thesis  and  antithesis,  viz.,  being  or  non-being. 

Grundzuge  der  Psychologic,  YonYLvGO  Mvsst^^^n^Q.  Vol.1.  J.  A. 
Earth,  Leipzig,  1900.  pp.  565. 
This  volume  is  dedicated  to  the  author's  "  dear  colleague  in  Har- 
vard University.  William  James,  in  sincere  reverence  and  heartiest 
friendship."  This  general  part,  which  deals  with  the  principles  of 
psychology,  is  to  be  followed  by  a  special  part  treating  the  facts.  The 
first  part  treats  the  principles  of  individual,  and  the  second  those  of 
sociological  psychology.  We  are  promised  that  the  whole  will  be  no  ob- 
jective text-book  restating  the  generally  well  known  facts  of  the  science 
for  the  writer's  purpose  is  more  subjective.  The  author  will  discuss 
rather  than  present ;  will  sift  out  and  connect  rather  than  inform  ;  so 
that  from  the  rich  manifoldness  of  the  data,  real  and  unitary  features 
shall  appear.  His  effort  is,  therefore,  at  the  bottom  philosophical. 
This  is  especially  true  of  this  introductory  volume  which  is  more  or 
less  complete  in  itself,  treating  of  fundamental  ideas,  presuppositions, 
limitations  and  ideals  of  psychology.  It  is  a  book  of  war  (Kampfbuch), 
which  in  an  unphilosophical  age  takes  up  the  gauntlet  of  idealism 
against  naturalism.  The  positivistic  view  of  the  world,  which  has  one 
of  its  strongholds  in  psychology,  must  be  met,  for  it  is  striking  its  in- 
sidious roots  into  our  social  consciousness,  education,  art,  ethics,  and 
morals.  It  cannot  be  overcome  by  despising  or  denying  empirical  re- 
search. Three,  and  those  perhaps  the  most  important  chapters,  are  es- 
sentially the  same  as  in  the  author's  Psychology  and  Life.  His  gen- 
eral position  is  a  kind  of  synthesis  of  Schopenhauer,  Fichte,  and 
scientific  psychology.  As  far  as  we  have  read  the  second  and  third 
parts,  they  are  more  or  less  implied  in  the  author's  English  work.  We 
hope,  however,  to  recur  to  these  more  at  length  later,  especially  as  the 
standpoint,  which  the  author  ably  represents,  is  so  radically  different 
from  the  idealism  to  which  the  writer  of  this  note  no  less  fervently 
holds. 

Text-book  of  Physiology.     Edited  by  E.  A.  Schafer.     Vol.  I,  pp.  1036. 

Vol.  II,  pp.  1365.   Young  J.  Pentland,  Edinburgh;  The  Macmillan 

Co.,  New  York,  1898  and  1900.     Price,  |8.oo. 

Professor  Schafer  and  his  twenty  co-laborers  have  here   produced  a 

monument  to  English  physiolog}'  which,  although  less  extensive  than 

Hermann's  Handbuch  of  twenty  years  ago,  is  no  less  well  devised  and 

representative.     In  comparing  the  two,  one  is   struck   by  a  progress 
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hardly  less  marked  than  that  which  separated  Hermann  from  the  old 
four  volume  Handworterbuch  of  Wagner  in  1846.  While  this  work 
owes  as  all  must  very  much  to  Hermann,  it  is  a  striking  reminder  of 
the  great  progress  which  physiology  has  made  in  the  last  two  decades. 
Foster's  first  edition  marked  an  epoch  in  physiology  in  English  speak- 
ing lands,  and  was  a  marvel  of  individual  industry  and  ability,  but  the 
field  has  distinctly  outgrown  the  ken  of  any  one  representative,  and 
henceforth  every  adequate  presentation  of  what  is  embraced  under  the 
term  physiology  must  be  co-operative. 

By  this  method  the  authors  are  enabled  to  present  in  precise  form 
the  contents  of  many  hundreds  of  original  papers  which  are  referred 
to  in  the  notes,  so  that  for  general  purposes  the  necessity  of  referring 
to  first  sources  is  superseded,  while  for  those  who  need  to  do  so  this 
work  is  facilitated.  The  enormous  literary  work  involved  in  such  a 
book  is  one  of  its  striking  features.  The  volumes  are  well  supplied 
with  indexes,  the  first  volume  having  seventy-two  and  the  second  one 
hundred  and  four  pages,  while  there  are  five  hundred  and  forty-one 
cuts  and  many  tables. 

Psychologists  will  be  especially  pleased  with  the  chapters  on  nerve, 
by  Gotch  ;  on  the  nerve  cell  and  the  cortex,  by  Schafer  ;  on  cutaneous 
sensations  and  muscle  sense,  by  Sherrington  ;  on  vision,  by  Rivers  ; 
the  ear  and  vocal  sounds,  by  M'Kendrick  and  Gray;  and  on  the  senses 
of  taste  and  smell,  by  Haycraft.  In  most  cases  these  later  writers  have 
well  availed  themselves  of  the  experimental  work  of  psychologists 
who,  if  they  often  find  that  articles  they  would  like  to  see  considered, 
have  not  been  noticed  as  sometimes  occurs, will  not  be  too  critical  with 
a  gift  horse.  Every  working  psychologist  will  need  this  book  at  hand 
until  it  is  superseded  by  a  better. 

It  is  easy  to  criticise,  but  we  cannot  forbear  expressing  our  regret  that 
the  subjects  of  generation  and  reproduction,  as  well  as  the  physiology 
of  the  cell  generally  considered  in  such  treatises,  have  been  omitted, 
partly  because  the  subjects  involve  morphological  methods,  and  partly 
because  they  are  so  important  that  they  would  swell  the  size  of  the 
volumes  unduly. 

Diffusion  of  the  Motor  Impulse.  Wissler  and  Richardson.  Psy. 
Rev.,  Jan.,  1900.  pp.  29-38. 
In  this  paper  experiments  on  arm  muscles  are  described,  having  for 
their  object  the  determination  of  the  order  of  secondary  contractions 
when  the  abductor  indices  and  the  biceps  are  respectively  exercised 
by  a  series  of  movements.  By  means  of  tambours  and  kymograph, 
records  of  muscular  contractions  of  two  young  men  were  obtained 
which  show  that  when  the  motor  discharge  is  directed  to  an  extreme 
accessory  muscle  of  the  arm,  diffusion  is  primarily  to  the  muscle  di- 
rectly innervated  and  secondarily  to  adjacent  related  muscles  in  the 
order  of  their  distance  anatomically  from  the  muscle  innervated.  The 
experiments  also  show  diffusion  to  be  downward  as  well  as  upward, 
and  lead  to  interesting  hypotheses  respecting  "cross  education." 

F.  H.  Saunders. 

Effets  du  travail  de  certains  groupes  musculaires  sur  d^ autres groupes 

qui  ne  font  aurun  travail .     Kronecker  and  Cutter.     Comptes 

Rendus,  T.  CXXXI,  No    10  (j,  Sept.,  1900).     p.  492. 

This  communication  reports  the  results  of  experiments  to  determine 

the  effects  on  the  power  of  the  biceps  group  of  muscles  of  exercising 

the  lower  limbs  in  mountain  climbing.     The  tests  made  after  climbs 

requiring  varying  time  and  exertion  clearly  indicated  in  all  cases  gains 

in  power  in  biceps  muscles.     The  writers  express  the  opinion  that  the 

effect  is  due  to  increase  of  circulation  of  blood  or  lymph. 

F.  H.  Saunders. 
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Heredity  and  Human  Progress,  by  W.  Duncan  McKim.  G.  P.  Put- 
uam's  Sous,  New  York,  1900.  pp.  283. 
The  dark  side  of  human  existence  ;  the  cause  of  human  wretched- 
ness ;  the  defective  classes  ;  a  remedy  ;  and  a  consideration  of  objec- 
tions against  it,  are  the  chief  features  of  this  book.  The  most  striking 
and  central  idea  is  that  artificial  selection  should  help  the  elevation  of 
the  human  race,  partly  by  restricting  reproduction  by  those  organi- 
cally very  weak  or  vicious,  and  doing  this,  to  use  his  language,  "  by 
the  surest,  the  simplest,  the  kindest,  and  most  humane  means  of  pre- 
venting reproduction  among  those  whom  we  deem  unworthy  of  this 
high  privilege  "  by  "a  gentle  and  painless  death."  "  This  should  be 
administered,  not  as  a  punishment,  but  as  an  expression  of  enlight- 
ened pity  for  the  victims  too  defective  by  nature  to  find  true  happi- 
ness in  life,  and  as  a  duty  toward  the  community  and  toward  our  own 
offspring."  "  The  essential  feature  of  the  plan  is  the  gentle  removal 
from  this  life  of  such  idiotic,  imbecile,  and  otherwise  grossly  defective 
persons  as  are  now  dependent  for  maintenance  upon  the  State,  and  of 
such  criminals  as  commit  the  most  heinous  crimes,  or  show  by  the  fre- 
quent repetition  of  crimes  less  grave,  by  their  bodily  and  mental  char- 
acters, and  by  their  ancestry,  that  they  are  hopelessly  incorrigible." 
"The  majority  of  epileptics  would  require  extinction;  but  those  in 
whom  the  disease  has  apparently  been  caused  by  injury  or  by  some 
removable  condition,  and  whose  families  give  indication  of  but  little  de- 
generative taint."  "  Respecting  habitual  drunkards,  the  degree  of 
addiction  to  drink  which  should  necessitate  extinction  would  best  be 
decided  through  a  physical  and  mental  examination,"  not  in  the  quan- 
tity of  liquor  consumed  in  a  day,  nor  in  the  duration  of  the  habit. 
Criminals  should  be  killed  not  so  much  for  the  injury  dealt  to  society 
by  any  single  act  as  their  own  dangerous  quality.  Murder  is  still  the 
greatest  crime,  but  here  there  should  be  discrimination.  Nocturnal 
house  breakers  should  be  extinguished  and  all  criminals  who  are 
idiots,  imbeciles,  epileptics,  habitual  drunkards,  and  insane,  and  all 
whose  record  in  reformatory  or  prison  shows  them  to  be  hopelessly 
irreclaimable.  In  every  case  the  individual  should  undergo  thorough 
examination,  and  his  life  should  be  taken  only  after  due  process  of 
law.  The  method  is  not  difficult.  "  In  carbonic  acid  gas  we  have  an 
agent  which  would  instantaneously  fulfill  the  need."  To  be  sure,  he 
says,  the  number  of  individuals  is  very  great.  In  the  United  States 
there  are  now  on  the  average  thirty-eight  murders  a  day,  so  that  we 
live  in  the  shambles,  and  this  proportion  is  steadily  increasing.  About 
14,000  of  our  fellow  citizens  die  violent  deaths  annually.  This  might 
require  a  change  of  penal  legislation,  and  even  of  some  State  constitu- 
tions, but  "those  who  are  shocked  by  the  remedy  here  suggested,  I 
would  say  that  I  too  am  shocked  by  it,  but  to  be  it  seems  a  hard  neces- 
sity laid  upon  us  because  our  fathers  failed  to  perceive  their  duty  in 
this  regard  and  to  assume  their  proper  burden." 

The  Life,  Unpublished  Letters,  and  Philosophical  Regimen  of  An- 
thony, Earl  of  Shaftesbury.  Edited  by  Benjamin  Rand.  Swan 
Sonnenschein  and  Co.,  London,  1900.     pp.  535. 

We  have  here  a  sketch  of  the  life  and  the  unpublished  letters  of  the 
Earl  of  Shaftesbury,  the  English  moralist,  based  on  the  Shaftesbury 
papers  deposited  in  the  Record  Office  in  London.  Fowler  in  his  well 
known  recent  work  on  Shaftesbury  and  Hutcheson  expressed  the  belief 
that  these  papers  would  repay  more  careful  investigation  than  he  was 
able  to  give  them.  The  work  entitled  "  Philosophical  Regimen  "  (267 
pages)  discusses  natural  affection,  providence,  shame,  reputation, 
friends,  self,   body,  passions,   pleasure  and   pain,   character,   maxims, 


276  PSYCHOI^OGICAIv  LITERATURE. 

philosophy,  and  many  other  topics  in  a  way  so  interesting  that  the 
editor  declares  that  they  contain  "  one  of  the  most  remarkable  unpub- 
lished contributions  of  modern  times  in  the  domain  of  philosophical 
thought."  His  life  is  written  by  his  sou,  the  fourth  Earl  of  Shaftes- 
bury, and  the  second  division  contains  his  unpublished  letters  begin- 
ning at  the  age  of  eighteen  up  to  his  death,  in  1713.  The  letters  written 
to  or  about  young  men  have  a  unique  charm, while  historians  will  wel- 
come his  political  letters.  His  philosophy,  as  presented  in  "  Charac- 
teristics," was  largely  stoical,  but  we  have  here  a  new  and  brilliant 
presentation  of  that  system  which  shows  how  intoxicated  he  was  with 
the  idea  of  virtue.  Indeed,  since  Marcus  Aurelius,  there  perhaps  has 
not  been  so  strong  an  expression  of  stoicism  as  is  contained  in  this 
"  Regimen,"  now  here  published  for  the  first  time. 

Friiit/uhiesSy  by  Emile  Zola.  Translated  and  edited  by  Ernest  A. 
Vizetelly.  Doubleday,  Page  and  Co.,  New  York,  1900.  pp.  487. 
This  is  a  translation  of  one  of  Zola's  most  important  stories,  Fecon- 
dite,  which  may  be  of  some  interest  to  psychology.  The  writer  was 
impressed  with  the  diminishing  natality  in  France,  and  here  under- 
takes to  characterize  two  families  with  their  environment — one  which 
was  growing  rapidly  and  with  many  children  in  its  various  branches ; 
and  the  other,  although  more  favorably  situated,  which  was  slowly 
dying  out.     It  is  all  wrought  up  with  his  usual  dramatic  interest. 

La  Philosophic  de  Nietzsche,  par  Henry  Lichtenberger.  F.  Alcan, 
Paris,  1900.     pp.  195. 

The  author  has  met  a  long  felt  want  in  giving  us  a  comprehensive 
picture  of  Nietzsche's  character,  his  intellectual  emancipation  up  to 
1878,  his  philosophy,  most  of  which  was  written  during  the  next  ten 
j'ears,  and  the  positive  and  negative  traits  of  his  system.  It  also  con- 
tains a  convenient  appendix  aud  a  bibliography — first,  of  all  Nietzsche's 
writings,  and  secondly  of  the  more  important  treatises  on  them. 

Researches  on  Mimicry  on  the  Basis  of  a  Natural  Classification  of  the 
Papilionidce ,  by  Erich  Hasse.  Translated  by  C.  M.  Child.  Erwin 
Nagele,  Stuttgart,  1896.     pp.  154. 

The  author  goes  through  the  butterflies  and  undertakes  to  describe 
each  known  case  of  mimicry  in  the  various  species  and  varieties.  Al- 
though the  work  is  technical  and  addressed  chiefly  to  experts  in 
natural  history,  its  subject  makes  it  of  great  interest  to  the  general 
reader. 

Liebe  und  Ehe  und  ihr  Naturrecht,  von  Richard  Fugmann.  Wilhelm 
Besse,  Leipzig,  pp.  128. 
This  book  treats  celibacj',  chastity,  monogamy,  health,  disease,  who 
ought  not  to  marry,  hints  for  healthful  marriage  ;  and  its  motto  is 
"  chastity  is  the  beginning  of  wisdom."  It  belongs  to  a  large  class  of 
publications  which  may  and  may  not  do  good, which  are  neither  scien- 
tific or  philosophical  nor  obscene,  but  wliich  are  sentimental,  mystic 
and  weak,  and  just  enough  risque  in  title  and  content  to  tempt  cus- 
tomers of  a  German  railroad  station  news-stand.  This  journal  has  had, 
from  time  to  time,  about  a  dozen  and  a  half  books  of  this  class  that 
belong  to  the  limbo  where  Kipling's  Tomlinson  found  himself  doomed, 
whom  neither  the  good  nor  the  bad  place  wonld  receive.  All  are  sure 
to  quote  or  characterize  briefly  from  Schopenhauer,  Plato,  Rousseau, 
Goethe,  and  perhaps  Byron  and  Nietzsche.  A  small  ingredient  of  their 
content  is  from  Darwin,  and  they  speak  mysteriously  of  the  morbid 
sex  literature,  but  avoid  its  abysses.  They  poetize  about  true  love  and 
marriage,  and  the  nameless  horrors  of  certain  diseases. 


PSYCHOLOGICAL  LITERATURE.  277 

Die  Transszendentale  und  die  psycholo^ische  Methode,  von  Max  F. 
SCHElvER.     Diirr,  Leipzig,  1900.     pp.  181. 

This  interesting  and  timely  work  is  a  criticism  of  the  transcendental 
method  of  considering  space,  time,  personality,  and  cause,  and  the  lat- 
ter part  is  a  statement  by  contrast  of  what  he  calls  the  psychological 
method.  The  former,  he  urges,  can  never  solve  the  problems  of  phi- 
losophy. The  noological  method,  which  the  author  proposes,  is  based 
upon  the  fundamental  ideas  of  work  and  consciousness.  lie  declares 
that  the  latter  cannot  be  considered  as  a  product  of  development. 

Interpretation  of  Poetry  and  Religion,  by  George  Santa yana. 
Charles  Scrihner's  Sons,  New  York,  1900.     pp.  290. 

The  understanding,  imagination  and  mysticism,  Homeric  hymns, 
the  dissolution  of  paganism,  the  poetry  of  Christian  dogma,  platonic 
love  and  some  Italian  poets,  the  absence  of  religion  in  Shakespeare, 
the  poetry  of  barbarism,  Emerson,  a  religion  of  disillusions,  the  ele- 
ments and  functions  of  poetry  are  here  treated.  To  thissuper-sesthetic 
and  hyper-subtle  mind,  which  is  itself  an  exquisite  illustration  of  the 
emasculating  effects  of  an  habitual  atmosphere  of  epistemology. 
Browning  and  Whitman  illustrate  the  poetry  of  barbarism  ;  love  is  far 
more  platonic  than  physical  ;  belief  at  its  best  is  a  kind  of  poetry  ;  and 
everything  is  falsetto  and  unreal.  It  would  be  difficult  to  find  a  better 
illustration  of  the  devirilized  effects  of  transcendental  and  idealistic 
habits  of  thought  than  in  these  pages,  which  are  so  chastened  and  re- 
fined that  all  vitality  seems  to  have  gone  out  of  them.  His  is  a  world 
without  color,  where  feeling,  impulse  and  emotion  merely  cadence  the 
forms  of  thought,  and  where  the  grasp  on  reality  is  so  feeble  that  the 
whole  has  a  charm  that  is  supernal  and  afar.  So  bloodless  a  writer, 
whose  mentality  is  so  far  removed  from  all  storms  of  passion,  and 
whose  very  beliefs  lack  fervor,  from  which  all  trace  of  spontaneity  has 
long  since  vanished,  seems  to  us  a  good  illustration  of  decadence,  but 
if  so,  degeneration  never  had  a  greater  charm. 

Education  and  the  Philosophical  Ideal,  by  Horatio  W.  Dresser.  G. 
P.  Putnam's  Sons,  New  York,  1900.     pp.  255. 

This,  we  understand,  is  the  tenth  book  of  this  prolific  young  mystic. 
We  notice  in  this  no  telepathy,  theosophy,  or  mind  cure  in  their 
familiar  forms,  but  there  is  a  subdominant  tone  throughout  that  sug- 
gests that  the  author  has  long  frequented  the  adyta  of  adepts  in  these 
lines.  He  believes  in  his  new  point  of  view  in  educational  ideas  in 
equanimity,  the  subconscious  mind,  the  spiritual  ideal,  the  expression 
of  the  spirit,  its  ministry  and  that  of  pain  and  evil,  in  organic  perfec- 
tion, philosophical  ideals  and  in  immortality,  and  tells  us  also  with 
earnestness  and  with  quotations  from  Emerson,  Amiel,  Lowell,  Froe- 
bel,  John  Fiske,  Mr.  Salter,  Browning,  and  even  Henry  Wood,  from 
which  points  the  experienced  reader  can  calculate  his  orbit  although 
he  may  not  have  time  to  drift  with  him  through  all  the  rather  pleas- 
ant meanderings  of  his  pages,  but  a  strenuous  reader  will  wish  they 
were  better,  or  if  that  could  not  be,  that  they  were  worse. 

Studies  from  the  Yale  Psychological  Laboratory.  Edited  by  Edward 
W.  Scripture,  1899.  Vol.VII,  pp.  108.  Yale  University,  New  Haven, 
Conn.,  T900. 

This  volume  contains  a  major  article  entitled  "  Researches  in  experi- 
mental phonetics,"  and  a  minor  one  on  "  Observations  on  rhythmic 
action,"  both  by  Dr.  Scripture. 
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Proceedings  of  the  Society  for  Psychical  Research.     Oct.,  1900.     Vol. 
XV,  Part  38. 
This  number  is  devoted  to  the  divining  rod,  with  many  illustrations 
and  candid  presentation  of  evidence  both  ways. 

Essai  sur  V Imagination  Criatrice,  par  Th.  Ribot.  F.  Alcan,  Paris, 
1900.  pp.  304. 
This  study  is  worked  out  with  the  author's  usual  intelligence,  lucid- 
ity, and  sense.  The  intellectual,  emotional,  and  subconscious  faculties 
of  imagination  are  distiuguished  from  each  other  as  well  as  from  its 
organic  conditions.  The  development  of  the  imagination  in  animals, 
children,  primitive  man  and  myths,  up  to  the  higher  forms  of  inven- 
tion, with  certain  general  laws  of  its  development  are  next  described. 
The  following  are  its  principal  types — plastic,  diffluent,  mystic,  scien- 
tific, practical,  mechanical,  commercial,  and  Utopian. 

Variites  Philosophiques,  par  J.  P.  Durand  (De  Gros).  F.  Alcan, 
Paris,  1900.  pp.  333. 
The  traces  of  metaphysics  in  natural  medical  sciences  interest  this 
author  first.  He  then  discusses  the  two  species  of  cells  in  the  nervous 
centers,  Taine's  ontology.  Fourier's  psychology,  polyzoism,  free  will, 
the  unconscious,  pantheism,  creation,  finality,  and  miracles. 

L'Ifnagination  et  les  Mathiniatiques  selon  Descartes,  par  PiERRE 
BouTROUX.  F.  Alcan,  Paris,  1900.  pp.  45. 
We  have  here  a  collection  of  quotations  and  paraphrases  of  mathe- 
matical authors  since  Descartes  to  enforce  the  precept  that  the  imagi- 
nation is  an  essential  part  of  the  outfit  of  a  mathematician,  both  for 
knowing  and  for  demonstrating  in  his  field. 

The  Conception  oj  Immortality,  by  Josiah  Royce.  The  IngersoU 
Lecture,  1899.  Houghton,  Mifflin  and  Co.,  Boston,  1900.  pp.  91. 
The  author  sums  up  his  case  by  conceiving  the  world  as  a  rational 
whole,  a  life  in  which  the  divine  will  is  uniquely  expressed.  Every 
aspect  of  this  life  must,  therefore,  be  unique  aud  mean  something  that 
can  only  get  an  individual  expression.  But  while  we  want  to  love  and 
know  there  are  in  our  present  form  of  consciousness  no  true  individ- 
uals to  be  found,  yet  because  we  are  one  with  God,  our  lives  must  in 
the  end  attain  individual  significance,  so  that  we  are  only  hints  of  in- 
dividuality not  yet  revealed.  Hence  the  real  individuality,  which  we 
mean  to  express,  must  have  its  final  conscious  utterance  in  a  life  that 
is  conscious,  and  though  independent  of  space  and  time,  is  continuous 
with  our  present  fragmentary,  flickering  being. 

Nietzsche's  Asthetik,  von  Jui^ius  ZeiTlER.  H.  Seeman  Nachfolger, 
Lepzig,  1900.  pp.  308. 
At  last  we  have  a  good  digest  of  Nietzsche's  views  in  clear  language, 
which  ought  to  be  translated,  treated  under  the  metaphysics  of  aesthet- 
ics, art  psychology  or  criticism,  and  physiological  a;sthetics.  The 
author  is  intent  mainly  upon  digest  and  characterization,  and  both 
quotation  and  criticism  take  a  secondary  position. 

The  Individual.  A  Study  of  life  and  Death,  by  Nathaniel  S. 
Shaler.  D.  Appleton  aud  Co.,  New  York,  1901.  pp.  351. 
The  chapters  are — the  individual's  place  in  the  universe,  organic 
individuals,  duration  aud  nature  of  individuality,  place  of  organic  life, 
growth  of  sympathy,  expression  of  individuality,  appreciation  of 
others,  fear  and  valor,  attitude  of  man  and  society  to  death,  relation  of 
parent  to  child,  old  age  and  its  utilization. 
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Man  and  His  Ancestor.  A  Study  in  Evolution,  bv  Chari.ks  Morris. 
The  MacmilJan  Co.,  New  York,  1900.  pp.  238. 
Since  Darwiu,  we  are  told  the  subject  of  man's  evolutionary  origin 
cannot  be  said  to  have  been  dealt  with  for  itself  alone,  but  Mr.  Morris 
treats  man's  ancestry,  relics  and  ancient  man,  the  progress  from  quad- 
ruped to  biped,  freedom  of  the  arms,  development  of  intelligence  and 
language,  how  the  chasm  was  bridged,  first  stage  in  human  evolution, 
the  conflict  with  nature, warfare  and  civilization,  the  evolution  of  mor- 
ality, man's  relation  to  the  spiritual. 

La  Respirazione  nelle  Gallerie  e  V Azione  dell  'Ossido  di  Carbonic, 
da  AngeIvO  Mosso.  Tip.  Treves,  Milano,  1900.  pp.  322. 
Professor  Mosso  has  brought  all  the  marvellous  resources  of  his 
genius  for  apparatus  to  bear  here  for  studying  the  action  of  the  lungs 
in  the  great  railway  tunnels  in  Italy,  and  describes  the  pressure,  state 
of  the  blood,  action  of  the  heart,  curve  of  fatigue,  etc.  The  work  was 
undertaken  at  the  suggestion  of  the  Minister  of  Public  Works. 

Apes  and  Monkeys,  their  Life  and  Language,  by  R.  L.  Garner.  With 
an  Introduction  by  Edward  Everett  Hale.     Ginn  and  Co.,  Boston, 
1900.     pp.  297. 
Last  spring  Mr.  Garner  gave  the  members  of  the  Psychological  Sem- 
inar}' at  Clark  University  great  pleasure  in  detailing  his  acquaintance 
with  monkeys.     A  sagacious   publisher   upon  hearing  him  forthwith 
engaged  him  to  amplify  it  to  a  book,  which  he  has  here  done.     What- 
ever we  may  think  about  the  soundness  of  the  author's  theories  or  the 
range  of  his  knowledge,  he  has  certainly  here  made  an  interesting  and 
valuable  book,  which  is  also  gotten  up  in  very  presentable  style. 

An  Introduction  to  the  New  Testament,  by  Benjamin  W.  Bacon.  The 
Macmillan  Co.,  New  York,  1900.  pp.' 285. 
After  the  usual  discussion  of  the  history  of  New  Testament  think- 
ing since  Strauss  and  Renan,  the  author  traces  the  growth  of  tradition 
and  formation  of  the  canon,  and  then  turns  in  detail  to  the  Pauline 
epistles.  The  third  part  is  devoted  to  the  Catholic  epistles,  viz.,  Peter, 
James,  Jude,  and  2  Peter;  the  fourth  part  to  the  historical  books, 
synoptic  tradition  and  writers;  and  the  last  to  John's  gospel  and  the 
apocalypse. 
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A  METHOD  OF  MAPPING   RETINAL   CIRCULATION 
BY   PROJECTION.^ 


By  R.  M.  Ogden,  B.  S. 


The  object  of  this  investigation  was  to  study  the  entoptic 
phenomena  of  blood  movement  in  the  retina,  and  to  obtain 
maps  by  an  introspective  method  which  should  indicate  the 
course  of  the  vessels  in  as  satisfactory  a  manner  as  possible. 
Numerous  superficial  observations  have  been  made  along  this 
line,  but  reference  to  ph5'siological  and  psychological  literature 
failed  to  bring  to  light  au}^  detailed  maps  of  the  blood  move- 
ment as  observed  subjectively  upon  a  bright  field.  Maps  in 
varying  degrees  of  satisfaction  have  frequently  been  traced  by 
many  of  the  'shadow  methods,'  /.  <?. ,  by  actual  projection  of 
the  vessels  upon  a  screen.  These,  however,  reproduce  only 
the  larger  vessels  with  any  degree  of  definiteness,  and  do  not 
indicate  the  direction  of  the  blood  flowing  through  them.  This 
method  is  here  employed  only  as  a  means  of  verifying  the  other 
work. 

§    I.      HlSTORICAI,. 

The  perception  of  the  phenomena  of  blood  movement  in  the 
eye  seems  to  have  first  been  described  by  R.  \V.  Darwin  in 
1786.  Darwin  states  that  he  could  see  these  movements  when 
gazing  at  the  sky  or  some  other  bright  field,  after  holding  his 
breath  and  rubbing  his  eyes.  The  experiment  was  thus  facili- 
tated by  an  increase  in  the  amount  of  blood  sent  to  the  eye. 
He  believed  the  appearances  to  be  dependent  on  the  general 
state  of  the  observer's  health,  and  to  be  most  distinct  after  the 
eye  became  fatigued.'^ 

^  From  the  Psychological  Laboratory  of  Cornell  University. 
2  C.  J.  Burch  :   The  Retinal  Circulation,  Nature,  LHI,  558. 
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In  1819  J.  E.  Purkinje  published  his  observations, ^  and  noted  that 
the  retinal  circulation  might  be  observed  subjectively  under  certain 
conditions.  By  directing  the  attention  on  a  clear  flash  of  diffused 
light,  he  could  see  bright  spots  appearing  in  continuous  courses  which 
emerged  at  irregular  intervals  at  the  same  points,  completed  their 
courses,  and  disappeared.  Purkinje  also  laid  down  a  method  for  pro- 
jecting the  vessels  as  shadows.  This  he  accomplished  in  a  dark  room, 
by  directing  a  strong  light  on  the  sclera.  When  the  light  was  moved 
slightly  from  side  to  side,  the  vascular  shadows  became  visible  in  the 
glare  before  the  eye. 

J.  Mueller  called  attention  to  these  blood  movements  in  his  Hand- 
buch  der  Physiologic  des  Menschen,  published  in  1840  (II,  390). 
He  indicated  that  an  expression  of  such  movements  might  be  ob- 
served by  glancing  at  a  bright  even-toned  field,  such  as  the  sky,  a 
patch  of  snow,  or  a  white  paper  uniformly  illuminated  by  a  steady 
light.  He  saw  nothing  save  confused  movements,  which  rushed 
towards  one  another  and  passed  one  another  in  irregular  smoke-like 
courses.  Mueller  considered  it  impossible  to  determine  the  direction 
of  the  movement.  He  accepted  it  as  a  manifestation  of  the  retinal  cir- 
culation. In  addition,  he  noted  certain  definite  phenomena  occurring 
when  one  stoops  and  rises  again  suddenly,  which  he  attributed  to  con- 
gestion caused  by  the  ebb  and  flow  of  the  blood.  These  movements 
were  described  as  a  "  leaping  "  of  dark  bodies  in  various  directions 
over  the  field. 

O.  N.  Rood,  in  an  article  published  in  1860,^  states  that  by  gazing 
intently  at  the  bright  sky  or  other  illuminated  field  through  three 
plates  of  cobalt  glass  he  was  able  to  obtain  a  view  of  "small  bodies 
like  animalcules  "  which  travelled  over  the  field  in  all  directions. 
The  spots  seemed  to  be  yellowish  in  color,  and  appeared  elongated  in 
the  direction  of  their  motion.  A  convex  lens  held  before  the  e3'^e  did 
not  alter  the  occurrences,  a  fact  which  indicated  that  these  move- 
ments were  situated  in  the  retina.  Near  the  axis  of  vision,  the  mov- 
ing body  seemed  always  to  pursue  the  same  direction,  and  to  disap- 
pear at  the  same  point.  Rood  concluded  that  these  phenomena  were 
probably  due  to  blood  corpuscles. 

These  bodies  may  also  be  observed  through  a  certain  thickness  of  a 
solution  of  cupro-sulphate  of  ammonia,  though  not  as  perfectly  as 
with  the  cobalt  glass.  Through  red,  orange,  yellow,  green  or  purple 
media  they  are  still  less  distinct.  Rood  advanced  a  theory,  in  expla- 
nation of  these  appearances,  as  follows.  The  blood  discs  are  yellow, 
and  therefore  opaque  to  blue  and  violet  light.  They,  consequently, 
cast  shadows  when  such  media  are  interposed.  But  since  the  retina 
is  strongly  impressed  with  blue  light,  the  portions  protected  by  the 
corpuscles  experience  a  complementary  sensation,  and  instead  of  a 
dark  shadow,  a  yellowish  moving  speck  results.  Since  yellow  media 
are  transparent  to  red,  orange,  yellow  and  green  lights,  no  very  per- 
ceptible shadows  are  cast  when  these  are  employed. 

In  another  article,'^  published  a  few  months  later,  some  additional 
observations  were  noted,  mainly  the  facts  that  faint  indications  of 
movements  may  be  seen  with  the  naked  eye,  and,  further,  that  the 
moving  bodies  are  sprinkled  over  the  field,  and  do  not  appear  in  com- 
pact masses.  Quoted  in  Rood's  paper  are  some  of  the  results  of  W. 
B.  Rogers.     Following  Darwin  and  Mueller,  in  their  observation  that 

^  Beobachtungen  u.  Versuche  zur  Physiologic  d.  Sinne,  I,  Prag,  127. 
2  The  American  Journal  of  Science,  XXX,  2nd  series,  264. 
s/(&/ar.,  385. 
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the  phenomenon  is  facilitated  by  an  increase  in  stimulation  of  the  reti- 
nal blood  supply,  Roger  maintains  that  after  continued  effort  of  vis- 
ion, active  exercise,  or  other  stimulation  of  the  circulation,  these  dots 
are  readily  seen  in  broken  curves,  which  come  and  go  in  such  a  man- 
ner as  to  indicate  the  presence  of  certain  prescribed  and  permanent 
channels.  As  one  continues  to  fixate  a  bright  field,  a  shade  covers 
one's  vision,  and  one  sees,  upon  a  dark  background,  innumerable 
streams  of  particles  which  move  in  loops  and  curves  and  retain  a  con- 
stant pattern.  These  courses  have  a  "tawny  yellow  tint,"  and  last 
only  one  or  two  seconds.  The  shade  passes,  and  returns  after  an  in- 
terval, though  the  courses  are  then  less  distinct. 

Rogers  indicates  several  methods  for  obtaining  this  projection: 
(i)  gazing  through  a  black  paper  tube  at  a  white  surface  till  the 
eye  is  fatigued  and  greatly  excited  ; 

(2)  gazing  for  a  few  seconds  into  a  pocket  microscope  held  at 
about  focal  distance  from  the  eye ; 

(3)  a  method  previously  indicated  by  Purkinje  :  the  light  of  a 
spirit-lamp,  with  a  salted  wick  which  gives  an  intense  yellow  flame,  is 
concentrated  on  the  eye  by  a  convex  lens  of  three-inch  focus.  The 
bright  field  thus  observed  soon  resolved  itself  into  a  mass  of  small, 
round,  densely-packed  moving  bodies  which  appeared  light  against  a 
darker  ground.  They  seemed  "  packed  together  like  a  fine  mosaic," 
but  their  paths  could  be  traced  as  they  moved  at  a  slow  uniform  rate 
through  the  narrow  channels.  Rogers  adds  that  if  yellow  plates  of 
glass  were  interposed  the  bodies  appeared  more  distinctly.  He  attrib- 
utes the  indistinct  vision,  which  is  concomitant  with  eye-weariness 
and  faintness,  to  an  increased  congestion  in  the  vessels. 

Helmholtz  in  his  Optics  ^  reviews  the  subject,  and  states  that  Vier- 
ordt  saw  a  rushing  movement  when  he  agitated  his  spread  fingers 
before  his  eyes.  This  movement  was  attributed  by  the  observer  to  reti- 
nal circulation.  Helmholtz  afiirms  that  neither  Meissner  nor  he  him- 
self has  been  able  to  see  such  movements  ;  they  find  only  an  appear- 
ance of  "  shoreless  streams."  However,  he  does  not  question  Vierordt's 
phenomenon  or  its  explanation.  The  observations  of  Purkinje  and 
Mueller  are  also  cited,  and,  in  the  light  of  these,  with  the  directions 
furnished  by  Rood,  Helmholtz  concludes  that  the  phenomenon  un- 
doubtedly proceeds  from  blood  movements  in  the  retina.  In  explana- 
tion, he  advances  the  theory  that  the  corpuscles  become  jammed  to- 
gether in  large  masses  in  the  smaller  vessels,  so  that  the  portion  of 
the  capillary  tube  ahead  of  the  check  is  emptied.  At  last  this  block- 
ade is  released,  and  the  whole  mass  moves  quickly  on.  This  causes 
the  appearence  of  definite  movement  through  certain  restricted  por- 
tions of  the  smaller  vessels.  Similar  phenomena  are  observed  in  capil- 
lary circulation  under  the  microscope.  Helmholtz  concludes  that  the 
bright  spots  observed  should  be  considered  as  the  optical  expression 
of  "  little  stoppages  "  in  the  retinal  blood  flow,  which  occur  only  in 
certain  narrow  passages  of  roots  of  vessels. 

Landois  and  Stirling-  cite  Boisser  as  advancing  the  theory  that  the 
appearances  may  be  caused  bj'  the  red  blood  corpuscles  in  the  capil- 
laries. These,  acting  as  small  light-collecting  discs,  concentrate  the 
rays  falling  on  them  from  without,  and  throw  the  light  upon  the  rods 
of  the  retina.  In  order  to  accomplish  this,  each  corpuscle  must  be  in 
a  special  position, — probably  with  its  broad  face  toward  the  light.  If 
it  rotates,  the  phenomenon  disappears.  This  theory  is  interesting,  but 
(as  will  be  shown  later)  the  facts  of  observation  and  histology  do  not 
substantiate  it. 

^  Handbuch  der  physiologischen  Optik,  and  ed.,  1896,  198. 
'^Manual  of  Human  Physiology,  1895,  II,  995. 
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§  2.     Experimental. 

Method.  After  a  careful  consideration  of  the  methods  indi- 
cated in  the  literature,  a  simple  proceeding  was  adopted  as  fol- 
lows. A  rectangular  screen,  67x87  cm.,  of  even-surfaced, 
white,  translucent  paper  was  erected  in  a  window  facing  the 
western  skj',  the  light  from  which  was  unobstructed  by  trees 
or  other  objects.  This  screen  was  marked  off  in  squares  of  2 
cm.,  and  at  the  center  was  placed  a  fixation-point.  Before  the 
screen  a  desk  was  arranged  with  drawing-board,  on  which  were 
placed  papers  with  cross  rulings  like  those  on  the  screen,  which 
brought  the  eye  in  a  line  with,  and  92  cm.  distant  from,  the 
fixation  point.  An  adjustable  chair  for  the  observer,  blue  glasses 
for  media,  and  shades  for  the  unused  eye  completed  the  appara- 
tus. Each  observer  worked  with  the  right  eye,  the  left  being 
comfortably  shaded  so  as  not  to  interfere  with  the  vision  of  the 
other.  Observations  were  made  both  through  the  blue  glass 
and  with  naked  vision.  The  moving  points  were  observed,  and 
their  tracks  carefully  noted  by  aid  of  the  arrangement  of  squares, 
and  then  transferred  to  the  map. 

In  attempting  to  check  or  verif}'  the  results  obtained  in  this 
way,  all  the  classical  methods  of  shadow-projection  were  inves- 
tigated.    To  enumerate  a  few: 

(ij  In  a  dark  room  a  candle  is  held  near  the  eye  which  regards  the 
distance.  The  vascular  courses  are  supposed  to  appear  as  dark  lines 
on  a  yellowish  background.  These  courses  come  out  distinctly  when 
the  caudle  is  moved. ^  This  method  was  tried,  but  no  very  satisfac- 
tory results  were  obtained. 

(2)  The  Purkinje  method.  A  strong  light  is  focussed  on  the  sclera 
at  a  distance  as  far  as  possible  from  the  cornea.  When  the  light  is 
moved  slightly  from  side  to  side,  the  courses  appear  before  the  eye. 
This  method  requires  delicate  handling,  owing  to  the  burn  and  the 
general  strain  caused  by  the  focussing  of  a  strong  light  upon  the  eye. 
No  very  satisfactory  phenomena  were  observed,  and  the  method  was 
not  found  to  be  practical  as  a  means  of  verification. 

(3)  W.  C.  Ayres^  has  enumerated  several  methods  involving  mod- 
ifications of  those  already  described.  The  most  important  requires  a 
dark  room,  and  an  even,  constant  source  of  light.  This  light  is 
reflected  through  the  pupil  on  to  the  retina  by  means  of  such  dull  re- 
flectors as  a  gold  ring  or  a  teaspoon  bowl.  The  shadows  are  thus  pro- 
jected as  in  the  other  methods.  Ayres  can  see  them  very  distinctly  on 
a  white  caid  held  a  short  distance  from  the  eye,  and  has  been  able  to 
trace  a  map  of  the  macular  region  which  is  surprisingly  intricate  in 
detail  and  regular  in  contour. 

A  close  examination  of  Ayres'  map,  however,  discloses  the  fact  that 
only  12  courses  were  traced  with  any  definiteness.  The  fine  net-work  of 
anastomoses  between  these  is  arbitrarily  indicated.  He  is  able  to  note 
the  fovea  roughly,  but  states  that  he  cannot  differentiate  veins  from 
arteries,  though  at  times  he  perceives  some  indication  of  the  direction 

^B.  A.  Randall,  in  de  Schweinitz,  Am.  Text  Book  of  Diseases  of 
the  Eye,  Ear,  Nose  and  Throat,  1889,  140. 
2  In  Archiv.f.  Augenheilkunde,  Wiesbaden,  1884,  XIII,  29. 
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of  blood-flow.  With  this  method,  as  with  the  method  from  which  it 
is  derived,  it  is  necessary  to  keep  the  light  on  the  retina  in  motion,  by 
a  side  movement  either  of  the  reflector  or  of  the  head.  This,  of 
course,  introduces  an  error  in  judgment  when  one  attempts  to  map 
the  vessels.  We  attempted  to  reproduce  Ayres'  results,  with  a  trained 
observer,  but  our  success  was  slight,  owing  to  the  great  difficulty  ex- 
perienced in  directing  the  proper  light  upon  the  retina. 

(4)  The  second  Purkinje  method  has  already  been  outlined  as  it  was 
worked  out  by  Rogers.  We  repeated  the  experiment,  and  noted  the 
movements  described  ;  but  they  were  not  nearly  so  numerous  as  those 
obtained  by  gazing  at  the  bright  sky,  nor  as  satisfactory,  owing  to  the 
very  limited  field  which  the  lens  allows.  We  also  noticed  that  muscae 
volitantes  appeared  frequently  and  proved  distracting,  as  it  was  hard 
to  differentiate  them  from  the  vascular  courses. 

(5)  The  method  adopted  is  the  simplest  and  for  many  reasons  the 
best  of  those  which  the  literature  indicates.  ^  It  consists  in  glancing 
through  a  moving  pinhole  or  steropaic  opening  toward  an  evenly  il- 
luminated screen.  Both  openings  were  employed,  but  the  steropaic 
has  the  advantage,  since  by  agitating  it  in  various  directions  consid- 
erable portions  of  the  retinal  field  are  exposed.  Vertical  movements 
when  the  opening  is  held  horizontally  bring  out  the  transverse 
courses ;  horizontal  movements  with  a  vertical  opening  show  the 
longitudinal  vessels.  They  appear  fully  as  definitely  as  Ayres' 
courses.  The  fovea  is  not  normally  projected,  nor  is  there  any  indica- 
tion of  the  direction  of  the  movement ;  but  both  these  points  are  sat- 
isfactorily given  by  our  working  method.  It  is,  accordingly,  with  this 
verificatory  method  that  we  are  concerned,  the  rest  having  been  dis- 
carded as  more  complex  and  in  general  less  satisfactory. 

It  ma}'  be  of  interest  to  note  that  an  investigation  was  made 
into  the  possibiHty  of  obtaining  a  photograph  of  the  retinal 
vessels.  The  literature  upon  this  subject  was  worked  over, 
and  a  number  of  methods  studied,  but  it  was  found  that  the 
experiment  is  as  yet  too  primitive  to  furnish  any  satisfactory 
record  of  the  smaller  vessels  or  capillaries.  Since  these  are  the 
courses  of  main  importance  in  the  present  work,  the  idea  of 
photographing  the  retina  was  abandoned.^ 

§  3.     Introspective  Results. 

Maps  were  obtained  from  four  observers  in  the  manner  de- 
tailed. The  general  characteristics  of  their  observations  were 
uniform  and  not  greatly  at  variance  with  the  results  obtained 

1  de  Schweiuitz,  140. 

^C.  Panel:  D'uu  moyen  pratique  de  photographier  le  fond  de 
I'oeil.  Paris  thesis,  1887. 

W.  Thorner :  Ueber  d.  Photographic  d.  Augenhintergrundes. 
Berlin  thesis,  1896. 

G.  Aarland  :  Internationale  medizinische-photographische  Monats- 
schrift.  Leipzig.    II,  1895,  4. 

Ludwig  Jankau,  in  same  volume,  18. 

A.  E.  Fick  :  Bericht  u.  d.  zwanzigste  Versamm.  d.  ophthalmolo- 
gischen  Gesell.    Heidelberg,  1899.  XXVII,  197. 

Th.  Guilloz,  in  Revue  medicale  de  Test.  Nancy,  1895.  XXVII, 
212. 
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by  the  authorities  above  quoted.  Two  of  our  observers  gained 
their  most  satisfactory  data  after  interposing  a  blue  glass  be- 
tween the  eye  and  the  field  of  vision.  The  other  two  worked  for 
the  most  part  with  the  naked  eye.  It  was  noticed  that  the  dots 
were  less  plentiful  but  slightly  more  distinct  when  seen  through 
the  blue  glass.  This  may  be  accounted  for  by  the  fact  that  on 
the  blue  field  there  seems  to  be  a  darker  ring  about  the  spots, 
which  aids  to  differentiate  them  from  the  background.  Reti- 
nal rivalry  caused  by  the  black  screen  over  the  left  eye  was  ex- 
perienced to  some  extent  by  all  the  observers,  but  it  was  quickly 
overcome,  and  did  not  return  after  the  first  few  sittings. 

The  more  detailed  notes  made  by  the  observers,  whom  we  shall  des- 
ignate as  B  (Mr.  T.  Bliss),  W^(Dr.  M.  F.  Washburn),  C(Miss  J.  A. 
Cochran)  and  O  (Mr.  R.  M.  Ogdeu),  are  as  follows. — B  procured  the 
most  elaborate  map  of  all.  He  is  a  careful,  patient  observer,  and  seemed 
to  obtain,  without  trouble,  definite  courses  over  all  parts  of  the  field 
of  vision.  The  more  remote  courses  were  usually  longer  and  perhaps 
less  fine  in  detail ;  still  they  repeated  themselves  frequently,  and 
seemed  to  offer  little  difficulty  as  to  their  exact  position. 

Throughout  the  field  B  differentiated  the  appearances  into  two 
classes,  (i)  As  to  motion  :  there  seemed  to  be  a  class  of  spots  (a) 
which  moved  very  rapidly  through  a  considerable  distance,  and 
merely  indicated  their  general  direction.  These  were,  for  the  most 
part,  situated  beyond  the  macular  region.  Their  courses  appeared  as 
mere  curves  or  straight  lines.  There  was  also  a  class  {b)  of  slower 
moving  spots,  whose  courses  were  more  definite.  They  traversed  shorter 
distances  than  the  others,  and  were  situated  for  the  most  part  about 
the  macula.  (2)  As  to  color  :  B  used  the  blue  glass  exclusively,  and 
observed  spots  both  lighter  and  darker  than  the  background.  The 
lighter  spots  were  the  largest  and  most  numerous.  In  general,  they 
appeared  to  have  dark  borders  and  to  be  of  a  faint  bluish  tinge.  The 
darker  spots  were  smaller,  less  distinct,  and  infrequent.  B  has  also 
seen  spots  which  appeared  at  first  as  dark  shadows.  As  they  ap- 
proached the  center  of  the  field  they  brightened  for  a  brief  interval, 
then  darkened,  and  finally  disappeared  as  they  came. 

The  phenomena  which  are  supposed  to  result  from  fatigue,  as  de- 
scribed by  Rogers,  were  all  carefully  noted  by  B.  His  results  demon- 
strate that  such  appearances  could  be  seen,  but  not  at  all  frequently, 
nor  in  a  very  satisfactory  manner.  By  gazing  through  a  black  tube  at  a 
bright  field  he  noted  one  course  like  a  white  line.  This  may  have  been 
a  particle  in  the  humor,  since  such  bodies  not  infrequently  appear 
as  white,  thread-like  lines.  Courses  of  the  same  type,  together  with  a 
general  movement  over  the  field  like  a  gentle  ripple  of  water,  were 
seen  when  glancing  through  a  lens  held  against  the  sky.  Two  courses 
thus  picked  out  were  checked  on  the  other  map.  Similar  projections 
were  obtained  by  squinting  the  eye  and  glancing  toward  the  screen 
without  the  mediation  of  tube  or  lens.  These  may  also  have  been 
caused  by  muscae  volitantes,  or  by  shadows  cast  by  the  eye  lids  or  eye 
lashes. 

W  worked  exclusively  with  the  naked  eye.  Through  all  her  ex- 
perimentation she  has  V^een  unable  to  procure  very  satisfactory  courses 
in  the  right  portion  of  the  visual  field.  She  obtains  a  number  of  well- 
defined  paths,  which  constantly  repeat  themselves,  in  the  region 
roughly  indicated  as  from  8  to  18  cm.  to  the  left  of  the  fixation  point 
upon  the  projection  screen.    These  are  so  far  removed  from  the  center 
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that  it  is  impossible  to  check  them  by  shadowing  the  vessels  them- 
selves. Several  expedients,  such  as  cutting  off  the  light  from  the 
left  portion  of  the  field,  were  resorted  to,  in  the  hope  of  forcing  the 
attention  on  the  right  half;  but  they  proved  of  no  avail  except,  per- 
haps, to  bring  out  the  macular  capillaries  somewhat  more  clearly.  By 
stimulating  the  left  eye,  in  which  IV  could  see  movements  on  the 
right  or  nasal  side,  and  then  changing  to  the  right  organ,  we  were 
able  to  bring  out  a  few  slight  movements  in  the  smaller  vessels  to  the 
right  of  the  fixation  point.  At  last,  by  the  use  of  a  stationary  pin- 
hole through  which  the  screen  was  fixated,  a  few  satisfactory  tracks 
about  the  center  were  procured.  This  restriction  in  the  phenomena  of 
circulation  in  JV's  eye  can  be  attributed  only  to  a  persistent  habit  of  at- 
tention which  seemingly  cannot  be  overcome.  The  courses  to  the  left 
of  the  field  run  through  considerable  distances,  but  are  not  noted  with 
any  of  the  fine  detail  which  the  vessels  themselves  are  known  to  pos- 
sess. Yet  the  general  direction  of  the  flow  is  definitely  mapped,  and, 
by  reason  of  numerous  repetitions  of  the  same  movement,  we  must 
accept  the  tracks  as  fairly  accurate. 

The  nature  of  the  spots  themselves  was  usually  lost  in  the  observa- 
tion of  their  movement.  At  times,  however,  elliptical  or  circular  spots 
were  described,  which  were  generally  lighter  than  the  surrounding 
field,  and  possessed  an  irregular,  dark  border.  The  paths  near  the 
macula  were  more  definite  and  perhaps  more  rapid  than  the  others. 

Cs  results  were  greatly  handicapped  by  a  fatigue  which  always  set 
in  early  in  the  test,  and  put  an  end  to  reliable  tracing.  This  fatigue 
caused  the  appearances  to  be  blotted  out  entirely,  and  was  accom- 
panied by  a  distinct  loss  in  power  of  concentration.  The  increase  in 
the  stimulation  of  the  retinal  flow,  which  has  been  noted  as  attendant 
on  fatigue  of  the  organ,  was  thus  discounted  and  rendered  useless.  Os 
best  results  were  obtained  with  blue  media.  In  regard  to  the  charac- 
ter of  the  dots,  she  made  the  same  general  differentiation  as  B,  viz.: 
that  small,  slow-moving  dots  operate  near  the  macula,  while  larger, 
clearer  specks  move  in  a  rapid,  jerky  manner  through  the  remoter 
parts  of  the  field.  The  tracks  mapped  about  the  fixation-point  were 
frequently  repeated,  and  in  many  cases  checked  with  the  actual  vas- 
cular projection.  Those  further  out  in  the  field  were  for  the  most  part 
indefinite. 

O  gained  his  most  definite  results  in  the  macular  region.  There 
were  times  when  movements  in  the  periphery  were  noted,  but  they 
■were  not  reproducible  except  as  to  general  direction.  Fatigue  usually 
occurred  after  from  15  to  20  minutes'  observation,  and  was  accom- 
panied by  diminution  of  attention  which  rendered  further  experiment 
difficult.  Many  more  courses  were  seen  without  the  blue  glass  than 
■with  it,  but  they  were  not  so  distinct.  O's  best  results  were  obtained 
by  a  successive  use  of  the  two  methods.  In  general,  the  spots  were 
brighter  than  the  background,  though  occasionally  vague,  moving 
shadows  -were  perceived.  Movements  were  commonly  more  rapid  in 
the  periphery.  Courses  varied  in  length  from  mere  flashes  to  clearly 
defined  tracings.  The  spots  were  devoid  of  color,  save  when  the  blue 
glass  tinged  them  with  its  hue.  On  a  bright  day  the  spots  sometimes 
had  dark  centers,  and  darker  borders  surrounding  a  light  ring.  The 
shape  was  not  definitely  noted,  but  seemed  to  be  regular  in  contour. 

O reported  the  following  interesting  phenomenon.  "  One  day,  when  I 
was  removing  a  dark  screen  before  the  window,  I  glanced  at  the  field, 
and  saw  it  filled  with  round,  intensely  bright  spots,  distinctly  larger 
than  usual.  They  darted  about  at  a  very  rapid  rate.  This  only  con- 
tinued for  a  moment,  and,  as  the  eyes  became  adapted  to  the  light, 
the  spots  dissolved   into  the  type  of  spots  normally  observed."     It 
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seems  possible  that  this  occurrence  was  due  to  the  suddenly  increased 
stimulation  of  the  retina  when  the  pupil  was  much  dilated. 

§   4.     Conclusion. 

This  study  has  demonstrated  that  with  a  fair  amount  of 
patience  and  attention  one  may  secure  a  satisfactory  map  of  the 
movements  of  the  blood  through  a  considerable  area  about  the 
region  of  the  macu/a  hi/ea.  Patience  and  attention  are  essen- 
tial, in  view  of  the  numerous  objective  sources  of  error.  It  is 
very  difficult  to  maintain  a  fixation-point.  When  the  eye  slips 
away,  the  courses  are  materially  displaced  upon  the  projection 
plane.  This  is  particularly  noticeable  with  the  method  for  pro- 
jecting the  shadows  of  the  vessels,  in  which  the  obser\^er  views 
the  field  by  intermittent  light. 

Any  increase  in  the  stimulation  of  the  blood  supply  should 
produce  a  corresponding  increase  in  these  manifestations,  as 
has  been  noted  by  many  writers.  But  for  definite  and  careful 
observation  such  increased  stimulation  is  usuallj^  of  no  avail, 
since  under  the  conditions  the  attention  is  at  a  very  low  ebb. 

The  physical  basis  for  these  movements  is  undoubtedly  to  be 
found  in  some  peculiarity  in  the  behavior  of  the  blood  corpus- 
cles. The  Rood  theorj',  before  mentioned,  is  based  upon  the 
supposed  yellow  coloration  of  the  spots.  JVoi  one  of  our  ob- 
servers could  detect  any  yellowness.  This  fact  seems  sufficient 
to  render  the  theory  untenable. 

The  Boisser  theory  has  certain  attractive  features.  Its 
assumption  of  the  action  of  single  corpuscles  in  focussing  light 
upon  the  retinal  rods  will  account  satisfactorily  for  those  iso- 
lated, sudden  flashes  of  brightness  which  most  of  our  observers 
reported.  On  the  other  hand,  certain  histological  facts  speak 
against  this  theory.  The  red  blood  corpuscles  are  bi-concave, 
and  differ  very  slightly  in  density  from  the  lymph  which  sur- 
rounds them.  They  are,  therefore,  calculated  to  disperse  rather 
than  to  collect  rays  of  light,  if  they  have  any  refractile  power 
at  all. 

The  Helmholtz  theory  treats  the  phenomenon  as  the  ' '  visual 
expression  of  little  stoppages  ' '  in  the  capillaries,  which  cause 
an  emptying  in  that  small  portion  of  the  vessel  which  imme- 
diately precedes  the  obstruction.  These  brief  interstices  con- 
duct the  light  to  the  rods,  and,  by  contrast  with  the  surround- 
ing field,  produce  the  phenomena  of  bright  dots.  Histology 
demonstrates  that  brief  checks  in  the  blood-flow  occur  at  times 
and  may  be  caused  in  either  of  the  following  ways:  (i)  the 
corpuscles  jam  into,  and  pile  up  in,  certain  narrow  vessels;  (2) 
corpuscles  often  catch  for  an  instant  at  the  point  where  a  ves- 
sel branches,  and  so  produce  a  momentary  stoppage.  Helm- 
holtz attributes  the  observed  movements  to   the  first  of  these 
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causes,  and  notes  that  the  phenomena  occur  only  in  "certain 
narrow  passages  of  roots  of  vessels."  Our  method,  however, 
has  clearly  demonstrated  that  the  majority  of  movements  ob- 
ser^'ed  take  place  in  vessels  of  an  appreciable  size,  since  they 
can  be  readily  'shadowed.'  It  furthermore  seems  difl&cult  to 
believe  that  an  empty  space  could  precede  a  mass  of  corpuscles 
through  such  long  distances  as  are  frequentl}'  noted.  The 
mass,  when  released,  should  spurt  on,  quickly  filling  the  near 
intervening  spaces. 

It  seems  more  plausible  to  connect  these  '  stoppages  '  with  cer- 
tain brief,  jerky  flashes  which  are  noted  through  the  field  of  vis- 
ion, and  to  attribute  the  more  prominent  phenomena  to  chance 
spaces  between  corpuscles  or  bundles  of  corpuscles  in  the  nor- 
mal flux.  The  latter  appearances  may  be  in  some  manner  aided 
by  a  varying  refractile  power  of  different  portions  of  the  vascu- 
lar walls.  We  cannot  note  this  as  a  fact,  but  the  consensus  of 
opinion  among  our  observers  favors  the  idea  that  the  dots  con- 
tinually repeat  themselves  through  the  same  portion  of  a 
vessel. 

The  fact  of  movement  is  noted  before  the  shape  or  form  of 
the  moving  body  is  perceived.  But  a  careful  introspection  dem- 
onstrates conclusivel}'  that  the  definite,  more  numerous  bodies 
alwaj^s  appear  brighter  than  the  surrounding  field,  and  are 
regular  in  contour.  We  are  thus  limited  to  Boisser  and  Helm- 
holtz  for  our  explanation;  but,  as  has  been  shown,  the  two 
theories  admit  of  considerable  criticism.  After  eliminating  all 
errors,  the  Helmholtzian  notion  is  perhaps  most  easily  modified 
into  a  form  which  will  comprehend  our  results.  The  spots  are 
bright;  they  must,  therefore,  be  conditioned  by  the  passage  be- 
fore the  retinal  elements  of  media  which  readily  transmit  light. 
We  know  that  spaces  occur  between  bundles  of  corpuscles. 
When  the  external  light  pierces  such  an  interstice,  the  rods  be- 
hind it  will  be  subjected  to  an  increased  stimulation  through- 
out the  distance  through  which  such  a  space  retains  its  char- 
acter. This  little  flash  of  brightness  is  then  projected  in  a 
more  or  less  circular  form,  and,  by  contrast  with  the  surround- 
ing field,  appears  as  a  light  moving  dot. 

The  darker  rings  and  centers,  following  shadows,  and  gray 
appearances  in  general,  may  all  be  attributed  to  the  brief, 
vague  shadows  of  the  corpuscles  themselves,  when  they  are  col- 
lected in  considerable  numbers.  They  usually  precede  or  follow 
the  bright  inter-spaces. 

The  rate  of  movement  appears  to  be  determined  for  the  most 
part  by  the  character  of  the  vessel.  Brief  stoppages  in  the  flow 
may  offer  some  slight  differentiation  from  the  normal  motions. 
Nearly  all  our  observers  note  short,  jerky  movements  which 
might  be  attributed  to  such  checks  in  the  flow.    Yet,  as  a  rule, 
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the  rate  of  movement  is  so  irregular  that  we  cannot  state  with 
exactness  when  the  phenomena  should  be  attributed  to  a  check 
in  the  flow,  and  when  to  a  mere  separation  of  bodies  in  their 
course. 

Peripheral  motion  has  been  judged  by  one  of  our  observers 
as  faster,  by  another  as  slower,  than  central.  The  macular 
vessels  are  smaller  than  those  in  the  periphery;  therefore  the 
flow  would  move  most  slowly  in  the  macular  region.  But  it 
is  difiicult  to  note  the  details  of  a  movement  which  takes  place 
in  indirect  vision.  For  this  reason  the  courses  in  the  borders 
of  the  screen  are  reported  merely  as  movements  in  a  certain 
direction,  whereas  the  nature  of  the  paths  which  are  projected 
near  the  fixation-point  can  be  reported  with  great  detail. 

The    Maps. 

Continuous  black  lines  represent  courses  obtained  by  the  ap- 
pearance of  moving  bodies  upon  the  screen,  and  checked  by 
the  projection  of  shadow  courses  in  the  same  position. 

Dotted  lines  represent  courses  obtained  in  the  same  manner 
and  many  times  repeated,  but  not  verified  by  the  shadow  pro- 
jections. This  indicates  in  general  that  they  are  very  fine  ves- 
sels which  have  been  overlooked  or  are  too  small  to  appear 
projected  as  shadows. 

Broken  lines  represent  definite  courses  which  appeared  with 
use  of  the  moving  pin-hole  or  slit  opening,  but  through  which 
no  movements  have  been  observed. 

The  elliptical  figure  about  the  fixation-point  represents  the 
macula  lutea. 
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Map  1.  Observer  0, 


Map  2.  Observer  B. 


ON  THE  PSYCHOLOGY  AND  PHYSIOLOGY  OF 
READING.     II.' 


By  Edmund  B.  Huey. 


In  reading,  then,  at  the  ordinary  distance,^  say  twelve  to  six- 
teen inches,  the  eye  gets  its  data  by  a  process  of  photographing 
successive  sections  of  each  Hne,  the  photographs  overlapping 
constantly,  and  being  taken  at  quite  irregular  distances.  The 
conditions  determining  the  points  to  be  fixated  have  not  been 
worked  out.  Introspection  gives  some  suggestions  about  it 
which  would  be  easy  to  writ«  here,  but  which  I  believe  to  be 
entirely  untrustworthy  and  perhaps  misleading. 

In  reading  lines  of  this  length,  from  three  to  six  fixations 
are  made,  usually  four  or  five.  But  one  line  is  read  at  a  time.^ 
In  my  experiments,  about  80%  of  the  line  was  traversed  by 
the  eye,  the  indentation  being  greater  at  the  right.  There 
were  few  retraceals,  averaging  about  one  in  seven  lines. 

The  forward  movements  seemed  to  occupy  a  little  over  400-, 
somewhat  irrespective  of  the  arc  traversed,  within  certain  lim- 
its. The  return  sweep  was  usually  without  interruption,  and 
occupied  from  500-  to  6ocr. 

The  pauses  occupied  a  variable  time,  averaging  somewhere 
about  1 900-.  In  fast  reading  the  speed  seemed  to  be  gained  by 
lessening  the  number  and  duration  of  the  pauses. 

It  may  be  interesting  to  note  the  average  number  of  words 
read  per  fixation.  I  append  results  of  some  representative 
readings  of  passages  containing  from  nine  to  thirty  lines  each. 
The  data  were  obtained  by  experiments  with  the  direct  attach- 
ment apparatus. 

^Continuation  of  paper  published  in  this  Journal,  July,  1900. 

2  It  seems  surprising  that  no  study  should  have  been  made  of  the 
optimum  reading  distance.  Writers  here  and  there  advise  this  or  that 
distance,  but  the  advice  seems  to  rest  upon  tradition,  or  upon  observa- 
tion of  normal  practice,  rather  than  upon  any  experimental  study. 

*This  has  been  so  in  every  case,  I  think,  which  I  have  tested.  The 
subjects  were  usually  directed  to  "  read  for  the  thought  by  their  own 
method."  Of  course,  there  is  a  "skipping  and  skimming"  process 
with  which  we  should  all  be  familiar,  in  which  both  lines  and  thoughts 
are  omitted. 


PSYCHOLOGY   AND   PHYSIOLOGY   OF   READING.  293 


Cosmopolitan  Magazine, 

American  Journal  (10  pt.), 
(8pt.), 
(10  pt.), 

Cosmopolitan  Magazine, 


Words 

Line-Length. 

Distance. 

PER 

Fixation. 

121      mm. 

33     cm. 

1.83 

121         " 

33 

1.50 

98        " 

35-5     " 

1.96 

98        " 

35-5    " 

I.91 

98         " 

33-0    " 

1.70 

60.5     " 

33        " 

3-63 

43 

33        " 

2.60 

37 

33        " 

2.44 

30 

35-5    " 

1.94 

25 

33        " 

1.58 

25 

33        " 

2.16 

21        " 

33       " 

2.17 

21        " 

35-5    " 

3-33 

It  will  be  seen  that  with  the  short  lines  more  words  are  read 
per  fixation,  though  there  is  much  variation,  and  little  regularity 
of  correlation  shown  between  line  length  and  words  per  fixa- 
tion. Such  variability  is  to  be  expected  with  the  very  short 
line  lengths,  when  we  consider  how  unusual  they  are,  and  how 
apt  the  e3'e  would  be  to  revert  to  old  habits  of  moving  a  cer- 
tain number  of  times  each  second,  or  for  each  phrase,  or  couple 
of  words.  In  the  shorter  line-length,  many  of  the  movements 
were  evidently  from  habit  and  not  from  necessity;  as,  e.  g.,  the 
eye  would  remain  fixated  while  three  or  four  lines  were  read, 
then  shift  a  little  and  repeat,  then  zigzag,  irregularly  perhaps, 
For  the  reading  of  one  of  the  21  mm.  passages  above,  I  entered 
the  following  note:  "  In  only  three  cases  is  a  back  and  for- 
ward movement  noticeable.  Thirteen  appreciably  different 
fixations  occurred.  One  fixation  lasted  two  and  one-half  sec- 
onds, while  the  reading  of  whole  passage  (21  lines)  occupied 
but  about  six  seconds."  With  lines  25  mm.  long,  several  lines 
would  be  read  without  shifting  the  eye.  Toward  the  last  of  a 
30  mm.  passage  the  side  to  side  movement  was  almost  nil. 

In  all  cases,  with  whatever  line  length,  the  eye  moves  oftener 
than  would  be  necessary  to  get  the  printed  matter  within  the 
range  of  clear  vision.  Thus,  in  my  exposure  experiments  to 
determine  extent  of  reading  field,  I  read  correctly,  at  first  ex- 
posure of  150-  duration,  one-third  of  such  lines  as  these  of  this 
Journal  article,  on  an  average  of  several  hundred  trials;  and 
this  without  help  of  context.  Very  nearly  the  half  of  such  lines 
was  read  (seen  clearly,  as  guessing  was  not  allowed)  from  time 
to  time,  often  enough  to  make  me  certain  that  my  eye  was 
capable  of  dealing  with  that  extent  of  printed  matter,  when 
conditions  of  printing,  arrangement  of  subject-matter,  etc., 
were  favorable.  But  with  this  possibility  of  three  and  a  third 
to  five  words  of  average  length  per  fixation,  I  actually  read, 
as  shown  in  the  tests,  about   1.9^  words  per  fixation,  photo- 

^The  average  would  be  a  little  more  than  two  words  per  fixation,  if 
retraceals,  breaks  in  return  movement,  etc.,  were  excluded,  as  would 
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graphing  the  line  at  four  or  five  points,  even  six  sometimes. 
The  reason  for  this  can  be  discussed  best  when  we  know  j  ust 
what  points  are  fixated  and  what  effects  various  arrangements 
of  printed  matter  may  have  upon  the  size  of  fixation  sections. 

Rate  of  Reading.  / 

The  reading  rate  varies  greatly  with  the  individual  and  with 
the  subject  matter.  G.  J.  Romanes^  found  readers  who  read 
four  times  as  fast  as  others  of  apparently  equal  intelligence  and 
culture.  Dr.  Quantz^  studied  the  matter  extensively.  He 
found  as  great  individual  difierences  as  are  given  by  Romanes, 
and  states  that  the  fast  readers  retain  more  of  what  they  read 
than  the  slow  ones. 

I  reget  very  much  that  Dr.  Quantz  has  not  carefully  stated 
his  method  of  determining  the  rate  of  reading.  The  rate  is 
peculiarly  apt  to  be  affected  by  the  conditions  under  which  the 
test  is  made.  Subjects  mean  such  different  things  by  "  read- 
ing" a  passage.  I  believe  they  usually  have  a  tolerably  con- 
stant rate  for  a  given  class  of  matter,  about  which  they  fluctu- 
ate according  to  circumstances.  But  it  is  difiicult  for  either 
reader  or  experimenter  to  know  whether  this  standard  is  being 
used  in  any  given  test.  Again,  it  has  not  been  shown  that  the 
fast  readers  for  one  class  of  matter  may  not  be  the  slow  readers 
for  another.  The  possible  speed  alwaj^s,  and  the  actual  speed 
in  my  own  case  at  least,  varies  very  much  with  the  reader's 
apperception  for  the  subject  matter  read. 

The  studies  made  thus  far  on  the  rate  of  reading,  so  far  as  I 
have  been  able  to  discover,  give  us  no  assurance  that  these 
sources  of  error  have  been  eliminated;  and  knowing  the  diffi- 
culty of  making  the  tests,  especially  with  untrained  subjects 
who  so  readily  misconceive  directions  given  them,  I  am  con- 
vinced that  we  yet  need  ( i )  a  thorough  study  of  individual 
differences  in  rate  based  upon  a  yiumber  of  tests  taken  at  differ- 
ent times  upon  the  same  kind  of  reading  matter,  and  repeated 
for  diverse  kinds  of  reading-matter;  taking  into  account  the 
subject's  apperceptive  relation  to  each  class  of  matter;  (2)  a 
full  and  careful  statement  of  the  methods  used  in  determin- 
ing rate,  if  the  results  are  to  have  anything  of  final  scientific 
value. 

I  arranged  a  series  of  experiments,  having  for  one  of  its  ob- 
jects to  throw  some  light  upon  the  matter  of  rate  in  reading, 

be  fairer  for  this  comparison.  Besides,  the  sections  are  irregular  in 
size,  and  often  three  or  four  words,  at  least,  are  actually  read  at  one 
fixation. 

1"  Mental  Evolution  in  Animals,"  p.  136. 

2  Psychological  Review,  1898. 
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and  the  possibility  of  increasing  it;  mainly  hoping,  however, 
to  get  insight  into  the  vSubject's  methods  of  reading,  through 
the  opportunities  for  direct  observation  and  questioning  which 
the  experiments  would  afford.  I  do  not  offer  the  results  as  final 
determinations  of  rate  for  these  subjects,  though  for  the  (uni- 
form) class  of  matter  used,  I  believe,  they  are  of  comparable 
validity  with  the  results  of  rate-tests  usually  made  thus  far. 

Eleven  pages,  each  containing  405  words,  were  selected  from 
an  interesting  novel  which  presented  no  peculiar  difficulties 
to  the  reader;  the  pages  having  a  somewhat  similar  arrange- 
ment of  paragraphs,  and  being  of  as  nearly  equal  interest  and 
difficulty  as  possible. 

These  eleven  printed  pages  were  read  by  each  subject,  a 
page  at  one  reading,  the  time  being  taken  with  a  stop-watch. 
The  reading  was  done  at  one  sitting,  in  a  quiet  room,  free  from 
distraction,  with  the  subject  comfortable. 

The  first  page  was  read  silently,  at  normal  speed  and  by  the 
subject's  "usual  method,"  "the  way  you  like  to  read" — the 
only  other  instruction  being,  substantially,  that  he  read  "  con- 
tinuously and  for  the  thought. ' '  The  second  page  was  read 
exactly  as  the  first.  For  the  third  page  the  subject  was  directed 
to  think  the  words  over  in  terms  of  sound,  to  auditize  it,  but 
at  normal  speed,  and  for  the  thought.  The  fourth  page  was 
motorized,  at  normal  speed,  but  without  lip-movement.  The 
fifth  was  as  the  fourth,  but  with  lip-movement.  The  sixth  page 
was  read  aloud  at  the  subject's  most  natural  rate.  The  sev- 
enth, eighth,  ninth,  tenth  and  eleventh  pages  were  duplica- 
tions of  the  preceding  as  to  method  (except  that  but  one  page 
was  read  by  "  silent  normal  "  method),  but  were  read  at  max- 
imum speed.  In  the  readings  aloud,  the  subjects  were  required 
to  read  loudly  enough  to  be  understood  at  a  distance  of  fifteen 
feet  at  least. 

The  subjects  were  given  preliminary  practice  for  each  page, 
and  were  not  allowed  to  read  until  they  understood  clearly 
what  w^as  required.  In  all  the  readings,  and  especially  in  the 
' '  silent  normal ' '  readings,  the  greatest  care  was  taken  to  have 
the  subject  fall  into  the  mood  in  which  he  would  do  such  read- 
ings in  an  easy-chair  at  home;  and  I  believe  that  the  results 
approximate  somewhat  nearly,  at  least,  what  would  be  obtained 
under  such  circumstances. 

Below  are  the  results  for  the  twenty  university  students 
tested : 

The  table  gives  opportunity  for  various  comparisons  which 
may  be  of  suggestive  value  to  those  who  may  work  further 
upon  these  problems.  It  wall  be  noticed  that  the  individual 
differences  found  for  "  Silent,  own  method  "  reading  are  found 
to  hold  in  lesser  measure  for  readings  by  other  methods,  for 
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readings  at  maximum  rate,  and  in  the  averages  at  the  right 
from  readings  by  all  methods. 


Subject. 


R 

B 
A 

M 

Q 

N 
E 
L 
C 
G 
S 

o 

H 
D 

J 

F 

T 

P 

K 

I 


Normal  Rate  ) 
Max.  Rate  j 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  ) 
Max.  Rate  J 
Normal  Rate 
Max.  Rate 
Normal  Rate  '\ 
Max.  Rate  / 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  \ 
Max.  Rate  / 
Normal  Rate  ) 
Max.  Rate  J 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  1 
Max.  Rate  ) 
Normal  Rate  \ 
Max.  Rate  j 
Normal  Rate  "(^ 
Max.  Rate  j 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate 
Max.  Rate 
Normal  Rate  \ 
Max.  Rate  J 
Normal  Rate  1 
Max.  Rate  / 
Normal  Rate  \ 
Max.  Rate       / 


Silent 

Own 

Method 


13-5 
7-3 
8.8 
7.0 

10.7 
6.7 

9-3 
6.7 
9.2 
6.6 
8.8 
6.6 
8.1 
6.1 
12.4 
6.0 
8.0 

5-5 
7.0 

5-3 

124 
50 
7-1 
4.5 
7.6 
4.1 

6.5 
4.0 
6.2 
3-9 
5-9 
4.0 

5-9 
3-5 
9-7 
3-1 
3-6 
2.4 

3-5 


silent 

Own 

Method 


ID 

8 

8 

4 

7 

7 

6 

3 

6 

I 

7 

3 

6 

7 

6 

9 

6 

5 

3 
6 

5 
6 

I 
3 

5 

7 

4 

7 

4 

6 

4 
3 
5 

7 
9 
4 

3 

3 

2 

5 

Audi- 
tory 


10.5 

10.8 

6 

7 

7 

10 

4 
5 
4 
6 

7 
9 
6 

5 
5 

7 
5 
8 

4 
5 
4 
6 

5 
6 

5 
6 

4 
5 
3 
5 
3 
5 

3 
5 
4 
5 
2 

3 
2 


3-0 


Motor. 

Lips 

Closed 


10.9 
12.0 

6.6 
7-3 
5-4 
9-5 
5-5 
7-5 
5-5 
6.1 

7-9 
10.6 

5-1 
6.4 
6.7 

7-3 
51 
7-7 
4.4 
7.2 

4-5 
6.1 

5-0 
6.4 
5-7 
7-1 
4.2 

6.3 
5-0 

5-0 
4.6 

5.6 
4.0 
6.0 
4-5 
5-6 
2.7 

3-7 
2.5 
3-6 


Motor. 

Up 

Movement 


3-3 


Aloud 


2.9 


Aver- 
age 


9.20 

10.28 

6.65 

7.26 

5.83 
8.60 

5-35 
6.70 

5-40 
6.26 
6.83 
8.64 

5-72 
6.06 
5.60 
7.46 
5-18 
7.02 

4.78 
6.10 

4-50 
5-55 
4.88 
6.26 
5-03 
6.36 
4.07 

5-54 
4.22 
5.22 
4.10 
4.96 
3-82 
5.38 
4.12 
5-92 
2.72 
3-40 
2.38 
3.26 


Av 


f  Normal  Rate. 
M.  V. 


1 


Max.  Rate. 
M.V. 


23-1% 


5-12 
25-8% 

6.45 
24.6% 


22.5% 

6.85 
21.2% 


4.88 
22.4% 

17-3% 


13-1% 

4-58 
16.5% 


Note. — The  reader  having  slowest  normal  rate  above  had  a  segmental  afiection 
of  the  retina,  which  doubtless  affected  his  speed. 

The  next  slowest  was  a  Japanese  student  whc,  however,  had  studied  in  American 
schools  for  a  number  of  years.    The  numbers  represent  words  read  per  second. 
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Throughout  the  experiments  I  was  most  interested  in  get- 
ting insight  into  the  reader's  method  of  reading.  I^ip-move- 
ment  was  usual  with  but  two  or  three.  One  of  these  was  one 
of  my  fastest  readers,  though  for  those  unaccustomed  to  the 
method,  the  lip-movement  evidently  hindered  speed. 

By  far  the  largest  number  seemed  to  be  of  the  audito-motor 
type,  emphasizing  in  various  degrees  the  auditory  or  the  motor 
elements.  Readers  often  indicated  their  usual  method  clearly 
by  the  ease  with  which  they  comprehended  and  used  it  when 
assigned,  and  by  again  and  again  reading  pages  by  the  as- 
signed method  in  almost  the  exact  times  used  for  the  ' '  own 
method  "  pages. 

A  strong  rhythmic  tendency  was  observed,  and  this  aspect 
of  reading  merits  a  careful  study.  Readers  fall  into  a  natural 
rate,  which  gives  almost  exactly  the  same  times  for  page  after 
page.  (I  from  time  to  time  tested  readers  upon  several  addi- 
tional pages,  b}^  the  various  methods,  and  especially  by  their 
accustomed  method. )  Habits  of  eye  movement  would  seem  to 
be  an  important  factor  in  setting  this  pace.  For  example,  the 
second  page  readings  in  the  above  table  were  from  a  page  con- 
taining fewer  lines  than  the  first,  though  the  lines  were  of  equal 
length,  and  the  only  difference  apparent  was  in  the  inter-spaces 
between  words.  The  average  times  for  reading  the  two  pages 
were  almost  exactly  proportional  to  the  number  of  lines  in  each, 
for  a  somewhat  larger  number  of  subjects  than  are  given  in 
above  table.  I  find  by  experimenting  upon  lines  marked  here 
and  there  by  crosses  for  fixation  without  reading,  that  the  eye 
readily  falls  into  a  ver}'  uniform  rate  of  progress  corresponding 
more  or  less  closely  to  its  usual  rate  in  reading. 

I  was  constantly  impressed  with  the  fact  that  reading  may 
go  on  in  motor  images  without  an}^  apparent  traces  of  move- 
ment of  lips  or  tongue.  The  movement  seemed  "up  in  the 
head  "  to  many  of  the  subjects. 

The  fact  that  we  constantly  hear  our  own  utterances,  has, 
acting  with  other  factors,  indissolubly  welded  together  the 
auditory  and  motor  elements.  I  am  satisfied  that  these  ele- 
ments are  never  quite  dissociated  in  normal  reading;  and  that 
what  subjects  call  auditizing,  or  motorizing,  is  a  combination 
of  the  two,  usually  in  more  nearly  equal  proportions  than  their 
early  introspective  accounts  would  indicate. 

A  purely  visual  reader  is  certainly  not  an  impossibility,  the- 
oretically at  least.  The  direct  linking  of  visual  form  to  ideas, 
cutting  out  of  circuit  the  somewhat  cumbrous  and  doubtless 
fatiguing  audito-motorizing  mechanism,  would  seem  to  be  a 
consummation  to  be  wished  for,  from  some  points  of  view. 
When  the  proper  preliminary  investigation  of  the  reading-pro- 
cess has  been  made,  this  will  be  one  of  the  most  important  sub- 
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jects  of  pedagogical   consideration.     Practically,    however,    I 
have  not  found  the  purely  visual  type. 

Perception  of  Reading-units. 

My  various  experiments  in  the  exposure  of  reading  matter 
had  for  one  of  their  main  objects  to  give  suggestions  for  a 
rational  point  of  view  from  which  to  regard  the  whole  matter 
of  perception  of  reading-units.  I  am  satisfied  that  such  direct 
and  continued  contact  with  the  processes  as  they  go  on  under 
conditions  which  can  be  controlled  is  the  best  road  to  right 
theory  in  this  difficult  field. 

I  offer  a  tentative  view  of  the  matter,  which  may  be  gener- 
alized all  too  soon  as  I  well  know;  but  which,  I  am  convinced, 
shows  leadings  toward  the  truth  that  will  appear  upon  fuller_ 
investigation  and  more  mature  reflection.^  Much  is  to  be  gained 
by  regarding  the  perceiving  of  letters,  words,  and  phrases  as 
phenomena  of  association.  When  a  lejter  or  word  is  seen,  the 
most  habitual  associate  tends  to  appear  in  consciousness,  in 
preference  to  less  habitual  ones;  and  the  habitual  associate  will_ 
come  so  quicklj^  as  to  fuse  with  the  first  if  the  association  has 
been  inveterate  enough.  Every  letter,  combination  of  letters, 
syllable,  combination  of  syllables,  word,  combination  of  words, 
phrase,  etc.,  has  associates  more  or  less  habitual.  Not  only 
does  the  perception  of  the  letter  or  word  arouse  the  idea  of  its 
absent  associated  letter,  word,  etc.,  but,  when  the  printed 
associate  follows,  its  perception  is  facilitated  in  proportion  to 
the  extent  of  the  habituation. 

The  child  learns  to  read,  either  by  associating  the  visual 
forms  of  letters  with  their  names  or  with  their  sounds,  or  (in 
the  word  method)  by  associating  the  visual  forms  of  word- 

1  My  study  of  reading  was  interrupted  in  the  spring  of  1899,  while 
yet  in  the  observation  stage,  as  I  had  first  planned  that  it  should  extend 
o%-er  another  year.  I  made  a  temporary  summing  up  of  the  study  at  that 
time,  but  refrained  from  publishing  in  the  hope  that  my  prospective 
teaching  duties  would  not  prevent  my  making  a  more  satisfactory  con- 
clusion of  the  study,  or,  at  least,  would  permit  my  making  a  better 
and  fuller  presentation  from  the  considerable  amount  of  data  already 
on  hand. 

I  have  not  since  found  time  or  strength  for  further  experimentation 
or  reflection  upon  the  subject ;  and  regretfully  publish  it  mainly  as  it 
stood  in  the  earlier  form. 

Among  the  later  and  valuable  literature  which  has  appeared,  the 
article  by  Bryan  and  Harter  on  "  The  Telegraphic  Language  "  (Psych. 
Review,  Julj^,  1899),  has  been  of  especial  interest  to  me.  Starting  from 
a  quite  different  point  of  departure,  the  authors,  it  seems  to  me,  reach 
much  the  same  general  conclusions  as  to  the  perception  of  reading- 
units  as  those  to  which  I  have  been  led  in  my  study  of  the  reading 
process.  It  has,  of  course,  been  encouraging  to  find  this  at  least  par- 
tial corroboration  of  my  theory  in  the  work  of  other  and  experienced 
investigators. 
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wholes  with  word-sounds  and  meanings.  The  association  be- 
tween the  optical  form  of  the  letter  and  its  name  is  not 
strengthened  by  later  reading,  and  disappears,  comparatively, 
in  favor  of  the  association  with  the  letter's  soimd.  This  is 
clearly  shown  in  m}-  earlier  experiments,^  and  in  the  still  earlier 
ones  of  Prof.  Cattell,  in  which  the  naming  of  isolated  letters 
required  more  time  than  the  speaking  of  short  words. 

Whether  or  not  the  association  of  the  letter's  visual  appear- 
ance with  its  sound  is  arbitrarily  memorized  by  the  child  in 
learning  to  read,  it  comes  just  as  truly  and  certainly  as  he 
practices  reading.  ^A  pupil  taught  to  read  by  the  word  method 
first  associates  the  optical  form  of  the  word  as  a  whole  with  the 
sound  of  the  word  without  linking  parts  of  this  sound  with  par- 
ticular parts  of  the  optical  form,  i.  ^.  ,with  letters;  and  so  his  read- 
ing may  go  on  for  awhile.  But  gradually,  even  if  he  has  never 
been  taught  that  the  optical  form  is  composed  of  letter  units, 
he  will  note  the  likeness  of  the  crooked  beginning  of  "  star  " 
with  the  crooked  beginning  of  "  slipper,"  e.  g.,  and  will  form 
an  association  of  this  crookedness  with  the  hissing  sound 
noticed  as  occurring  in  both  words.  The  association  of  the 
optical  form  of  the  letter  with  its  sound  thus  arises  and  soon 
becomes  inveterate.  Doubtless  the  appearance  of  letters  at  the 
beginning  and  end  of  words  facilitates  the  linking  of  particular 
sounds  with  particular  letter-forms;  but  it  would  come  in  any 
case;  and  I  think  it  tolerably  certain  that,  whatever  the  learn- 
ing-method, the  reader  must  and  does  come  to  feel  the  force, 
visual  and  auditory,  of  individual  letters  before  he  reads  with 
much  facility. 

Now  this  optical  crookedness  and  this  hissing  sound  are 
comparatively  seldom  found  alone,  and  occurring  as  they  do 
with  other  optical  shapes  and  other  sounds  tend  to  call  up 
these  other  shapes  and  sounds  when  presented,  and  call  up  pref- 
erably and  most  quickly  those  with  which  they  have  been 
most  often  associated,  other  things  being  equal.  If  the  visual 
"a"  has  most  often  had  "x"  appearing  at  its  right,  the 
sight  of  "  a  "  will,  other  things  being  equal,  tend  to  arouse 
the  visual  representation  of  "x,"  and  the  sound  of  "a" 
aroused  by  association  with  its  optical  form  will  tend  to  arouse 
the  sound  of  "  x  "  preferably.  Of  course  the  optical  form  and 
the  sound  "  a  "have  been  associated  with  many  other  letters, 
and  the  associative  tracts  representing  these  will  also  be 
aroused  more  or  less.  The  associative  tracts  representing  "  z  " 
and  "  q,"  letters  seldom  given  with  "a,"  will  scarcely  be 
aroused  at  all.  Now  if  the  word  "  ax  "  is  suddenly  exposed 
or  appears  in  reading,  the  sounds  corresponding  to  "  a  "  and 

^  American  Journal  of  Psychology,  July,  1898. 
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"  X  "  will  at  once  come  up  as  the  most  inveterate  associates 
with  these  optical  forms.  But  the  optical  form  "  a  "  will  call 
up  also  its  preferred  associate  "  x;"  and  the  sound  of  "a" 
will  do  the  same  for  the  sound  of  "  x;"  with  a  strengthening  of 
the  optical  and  auditor}'  "  a  "  by  "  x  "  also  in  proportion  as 
"  a  "  has  more  or  less  often  preceded  it  as  compared  with  a 
probably  preferred  "  e  "  (in  suffixes,  etc.  )•  Perhaps  the  asso- 
ciation of  optical  forms  from  right  to  left  may  be  as  facile  as 
that  from  left  to  right  if  we  accept  the  apparent  fact  that  the 
eye  receives  no  data  during  its  movement  forward. 

In  a  longer  word  such  as  slipper,  "  s  "  may  subarouse  the 
forms  and  sounds  of  various  other  letters  than  "1,"  though 
the  association  to  "  1  "  is  facile  as  compared,  for  example,  with 
that  to  "  X."  "  1  "  has  more  or  less  frequently  been  associated 
with  "  i  "  following,  and  tends  somewhat  of  itself  to  call  it  up 
as  compared  for  instance  with  calling  up  "  x."  But  the  combi- 
nation "  si  "  has  far  more  frequently  been  given  with  "  i  "  than 
has  "1  "  when  "1"  has  stood  alone,  and  thus  the  effect  of 
"  s  "  preceding  "  1 "  is  rnuch  to  facilitate  arousal  of  tracts  rep- 
resenting "i.""^  The  combination  "  sli  "  tends  to  arouse  com- 
paratively few  letters,  such  as  "p."  "  t,"  "c,"  "  m,"  "  d," 
etc. ,  and  the  trend  of  association  is  more  and  more  constrained 
as  less  of  the  word  remains.^  The  combination  "nigh,"  for 
example,  would  almost  invariably  arouse  "t,"  its  almost  in- 
variable associate.  In  general,  it  only  requires  a  direct  appli- 
cation of  fundamental  principles  of  association  to  justify  the 
statement,  confirmed,  however,  by  its  agreement  with  the  facts 
of  observation,  that  letters  have  more  or  less  preferred  asso- 
ciates according  to  their  habitual  arrangements  into  words  in  a 
given  language;  and  that  letters  presented  in  these  preferred 
sequences  mutually  strengthen  the  visual  and  auditory  percep- 
tions of  each  other,  and  thus  arouse  the  apperceptive  complex 
representing  the  visual  form  of  the  word  and  its  sound.    When 

.    letters  in  nonsense  arrangement  are  exposed,   subjects  often 

/    state  that  they  have  clearly  seen  many  more  than  they  can  re- 
peat to  the  experimenter.     The  letters  as  optical  forms  tended 
to  call  up  their  preferred  letter-associates,   but  these  rather 
hindered  than  helped  the  perception  of  the  adjoining  letters, 
i  and  there  could  be  no  apperceptive  knitting  together  into  a 

\  I  complex  which  could  be  remembered. 

\  '■  The  perceptions  of  the  various  parts  of  a  letter  shoot  to- 
gether into  the  perception  of  the  whole  letter,  the  part  percep- 
tions mutually  assisting  each  other  according  as,  from  being 
often  presented  together,  they  have  habits  of  interassociation; 
and  knitting  together  into  the  complex  perception- whole  "a," 

1  See  James's  Psychology,  Vol.  I,  p.  365,  et  al. 
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"x,"  or  what  not.  This  finst  fusion  seems  to  occur  below  the 
threshold  of  what  we  ordinarily  term  consciousness.  The  visual 
perception  of  the  letter-unit  is  instantly  supplemented  by  more 
or  less  of  audito-motorization  of  its  sound.  ^  The  perception  of 
a  word  occurs  similarly  except  that  here  auditory  and  motor 
(tactual),  as  well  as  visual  elements  enter  into  the  fusion,  in 
various  proportions  as  the  reader  tends  to  the  visual,  auditory 
or  motor  type.  The  letter  perception-units  shoot  together  again 
in  the  perception  of  the  whole  word,  the  letter-perceptions 
mutually  assisting  or  hindering  each  other  according  as  the 
printed  arrangement  follows  or  violates  habits  of  interassocia- 
tion.  There  is  the  direct  fusion  of  the  visual  letter  perception- 
units;  and  the  indirect  but  similar  fusion  of  the  auditory  and 
motor  elements  that  are  linked  with  these  visual  units.  This 
fusion  into  a  word-unit  is  probably  below  the  threshold  of  con- 
sciousness, for  the  most  part,  in  most  reading. 

Word-perception  is  facilitated  or  hindered,  it  is  true,  by 
other  factors  than  past  co-presentation  in  vision,  hearing,  or 
speech.  Certain  auditory  or  motor  elements  blend  easily  with 
certain  others,  and  the  perception  of  these  harmonious  combi- 
nations will,  of  course,  be  comparatively  facile  though  the 
combinations  be  new.  The  intrinsic  difficulty  of  other  combi- 
nations may  overcome  the  tendency  to  facile  perception  inci- 
dent to  habitual  interassociation.  There  are  other  factors 
which  would  have  to  be  taken  into  account  in  an  exhaustive 
treatment. 

Now  the  knitting  together  into  letter-wholes  of  data  given 
from  printed  letter-parts  seems  to  begin  the  instant  the  parts 
are  presented,  quite  automatically,  and  may  occur  simultane- 
ously at  all  points  throughout  as  much  as  half  the  present 
Jour7ial  line-length,  as  it  seemed  in  some  of  my  experiments  on 
extent  of  reading  field.  Subjects  would  state  that  they  saw 
the  letters  clearly  as  letters;  though  they  could  not  be  remem- 
bered long  enough  for  reproduction  unless  their  transient  life 
was  reinforced  by  union  into  the  more  stable  and  permanent 
word-unit;  and  still  better  if  this  word-unit  could  be  reinforced 
by  union  into  some  characteristic  word-group;  the  higher  com- 
plex units  saving  all  their  elements  from  falling  into  speedy 
oblivion. 

Exactly  similar  are  the  readers'  habits  of  association  from 
word  to  word,  and  from  phrase  to  phrase.  The  exposure  of 
the  word  "A"  beginning  a  sentence  subarouses  many  of  its 
past  associates,  preferably  substantives  or  descriptive  adjec- 

^  I  allow  myself  here  to  use  the  term  perception  for  processes  which 
are  ordinarily  unconscious  or  subconscious.  Perhaps,  however,  my 
meaning  is  as  evident  as  I  could  make  it  with  a  more  accurate  use  of 
terms. 
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tives.  If  "  large  "  appears  after  it,  the  possibilities  as  to  what 
may  be  the  third  word  are  narrowed  to  a  manageable  list, which 
are  perhaps  all  subaroused.  If  "juicy"  follows,  the  associa- 
tions for  the  fourth  word  are  still  more  limited,  and  often  one 
or  more  of  these  is  made  so  much  more  probable  by  the  con- 
text or  particular  situation  that  the  reader's  apperception 
scarcely  needs  the  appearance  of  the  word  ' '  apple  ' '  to  com- 
plete the  phrase.  On  the  other  hand  we  can  easily  understand 
that  the  appearance  on  the  page  of  a  word  violating  this  order 
of  expectation  would  have  its  recognition  hindered  rather  than 
helped  by  the  existence  of  this  apperceptive  expectancy;  and 
we  are  thus  prepared  to  understand  why  the  reading  of  non- 
sense matter  takes  about  twice  as  much  time  as  that  of  sense 
passages. 

I  shall  defer  further  discussion  of  the  perception  of  word- 
groups  until  I  have  given  account  of  some  experiments  which 
I  have  made  upon  the  associative  and  interpretative  processes 
in  reading. 

Interpretative  Processes  in  Reading. 

Of  the  interpretative  processes  in  reading  there  would  seem 
to  have  been  little  experimental  study  thus  far.  The  subject 
seems  diflScult  to  approach,  yet  of  the  greatest  importance  and 
interest.  I  arranged  the  following  tentative  experiments  in 
the  hope  that,  whatever  the  direct  results,  they  might  suggest 
a  helpful  method  for  further  investigation. 

Two  passages  of  at  least  average  interest  and  of  only  moder- 
ate difficult}-  were  selected,  one  a  description  taken  from  a 
magazine  article  of  how  a  spider  spins  its  web,  the  other  from 
the  introduction  to  Percy's  Reliques,  describing  the  arrange- 
ment for  the  entertainment  of  Queen  Elizabeth  at  Killingw-orth 
Castle.  The  passages  contained  some  seventy-five  words  each. 
These  were  typewritten,  and  the  lines  cut  out  and  pasted  end 
to  end  on  strips  of  cardboard,  so  as  to  make  sense  continuously 
throughout  in  a  single  long  line. 

From  other  typewritten  copies  the  single  words  were  cut 
and  pasted  on  small  pieces  of  cardboard.  These  cards  were 
then  shuffled,  and  were  exposed,  by  means  of  a  krj^pteon,^  to 
the  subject,  one  word  at  a  time,  in  haphazard  manner.  Before 
the  exposure,  a  ready  signal  was  given,  and  the  exposure 
lasted  four  seconds.  The  subject  was  seated  comfortably  in  a 
quiet  room,  and  was  directed  to  look  at  the  exposed  word,  and 
allow  associations  to  play  as  they  would  in  any  direction. 

The  exposure  of  the  sense  matter  was  under  similar  general 
conditions.     The  first  word  of  the  passage  was  exposed,  then 

^  Described  on  page  403,  Sanford's  Experimental  Psychology. 
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the  first  two,  then  the  first  three,  etc.,  a  newword  being  given 
at  each  exposure  along  with  the  preceding  context,  the  sub- 
ject attending  mainly  to  the  new  word  in  each  case.  In  a  few 
cases  two  or  three  words  forming  a  phrase  were  exposed  to- 
gether in  the  sense  passages,  but  usually  but  one  new  word 
was  exposed. 

Another  sense  passage  of  130  words  from  a  rather  interest- 
ing magazine  article  on  "  Tribal  Religions  "  was  exposed,  in 
phrases  of  two  to  five  words,  from  beginning  to  end  contin- 
uously, with  context  always  in  sight.  To  illustrate  the  char- 
acter of  the  division  into  phrases,  the  following  are  some  rep- 
resentative ones:  "  Political  party,"  "  Among  their  own 
countrymen,"  "Of  the  Pharisees,"  "  Declared  that,"  "It  is 
true,"  etc. 

Three  subjects  have  been  tested  on  the  first  series.  The  pas- 
sage exposed  by  phrases  has  been  given  to  one  subject  only. 
About  a  month  was  allowed  to  elapse  between  the  exposure  of 
the  isolated  w^ords  and  of  the  context  passages,  which  they 
formed. 

The  results  show  characteristic  differences  between  the  asso- 
ciations from  isolated  words  and  from  words  given  in  context 
for  all  subjects,  though  in  most  respects  the  subjects  have  very 
considerable  individual  differences. 

The  words  given  in  isolation  gave  a  much  greater  variety  of 
association  than  did  the  context  words,  though  the  total 
amount  of  associated  contents  suggested  by  them  is  considera- 
bly less.  When  the  isolated  word  appeared  there  was  usually 
an  indefinable  recognition  of  the  visual  form  of  the  word  as 
familiar;  and  accompanying  or  very  closely  following  this 
(probably  the  latter,  though  the  subjects  are  not  explicit),  the 
word  is  usually  "  mentally  pronounced."  One  subject  whom 
I  shall  designate  as  "A"  practically  always  had  this  mental 
pronunciation;  another  to  be  designated  as  "  B  "  had  it  almost 
always,  often  with  some  associated  word  as  "Atlantic  cable," 
when  "cable"  was  exposed,  or  "Can-can,"  when  "can" 
was  exposed.  The  third  subject  to  be  known  as  "  C  "  quite  fre- 
quently mentioned  that  the  word  was  motorized,  when  first  ex- 
posed, but  more  frequently  did  not  mention  this.  This  sub- 
ject showed  much  more  tendency  to  think  in  visual  terms 
than  did  the  others.  The  motorization  of  a  word  would  seem 
to  have  often  been  present  and  disregarded,  as  was  discovered 
sometimes  by  questioning.  Usually,  howev^er,  the  subjects  were 
not  questioned  at  all,  but  dictated  as  fully  and  accurately  as 
they  could  just  what  had  been  in  consciousness  during  the  four 
seconds,  doing  this  immediatel}^  after  the  end  of  the  exposure; 
the  experimenter  recording  their  account  as  nearl}^  in  their  own 
words  as  practicable  consistently  with  the  necessary  condensa- 
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tion.  It  may  be  mentioned  that  the  subjects  were  all  univer- 
sity men  and  accustomed  to  introspection.  This  subject  "  C  " 
verj'  frequently  had  associated  phrases  come  up  a  little  after 
the  beginning  of  the  exposure,  and  these  were  almost  always 
mentall}'  pronounced. 

The  subjects  were  generally  unable  to  say  after  careful  in- 
trospection whether  this  mental  pronunciation  meant  motoriz- 
ing, or  auditizing,  or  a  combination  of  the  two.  They  inclined 
in  general  toward  the  latter  view,  emphasizing  the  motor  or 
auditor}^  elements  according  to  circumstances. 

After  the  visual  recognition  and  mental  pronunciation  of  the 
isolated  word  was  apt  to  come  a  mental  pronunciation  of  some 
phrase  or  other  word  in  which  it  had  often  occurred  to  the 
subject:  as  "Sweet  by-and-by  "  from  "by,"  "Himself,  her- 
self, itself, ' '  from  ' '  himself, "  "  Vertical  writing ' '  from  ' '  ver- 
tical." The  word  was  rather  especially  apt  to  suggest  some 
line  of  poetrj^  which  would  often  be  but  dimly  suggested,  leav- 
ing the  subject  with  a  vague  and  tantalizing  feeling  of  some- 
thing which  he  could  not  get.  This  occurred  much  more  often 
with  subject  "  B  "  than  with  the  others.  The  vivid  arousal  of 
\h^  feelings  belonging  to  words  and  phrases  which  were  thus 
but  subconsciously  aroused  was  a  phenomenon  often  occurring 
with  him.  In  general,  words  showed  a  tendency  to  call  up 
groups  -ttdth  which  they  had  been  rhj'thmically  connected. 
Words  were  often  pronounced  "interesting,"  "agreeable," 
"  full  of  meaning,"  or  the  opposite  of  these,  and  occasionally 
these  judgments  seemed  to  refer  to  the  sound  or  visual  appear- 
ance of  the  words  themselves;  but  more  usually  the  feeling 
seemed  to  be  traceable  to  some  particular  associations  or  uses 
of  the  word  in  past  experience;  and  though  this  reference  could 
not  always  be  made,  as  was  the  case  also  with  the  suggested 
phrases  from  poetr3^  still  it  seems  probable  that  the  feelings 
were  usually  associatively  mediated  by  words  or  situations 
which  do  not  any  longer  appear  above  the  threshold. 

As  has  been  said  the  associations  from  isolated  words  were 
of  the  most  varied  character.  The  word,  "  top,"  for  instance, 
gave  a  visual  picture  of  a  hilltop,  then  the  motorized  phrase, 
"  Top  of  hill,"  then  another  mental  picture  of  a  hill  with  dis- 
appearing base,  then  a  mental  picture  of  a  flagstaff  on  the 
hilltop  at  home,  then  a  visual  picture  of  a  top  given  to  the 
subject  as  a  present  in  his  boyhood  days,  and  memory  of  see- 
ing it  wound  up  and  spun,  with  the  memory  of  the  singing 
noise  which  it  made.  Again  the  motorization  of  an  exposed 
word  would  suggest  another  similar  in  sound,  and  the  associa- 
tion would  start  from  this.  The  word  would  sometimes  be 
divided   and   associations   taken  from  different  parts;  or  the 
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word  would  be  given  different  significations  in  different  parts 
of  the  exposure  time. 

One  of  the  most  striking  things  brought  out  was  the  lack  of 
association  from  connective  and  relational  words,  definitive 
adjectives,  etc. ;  and  the  displeasure  with  which  they  came 
consequently  to  be  regarded.  They  seldom  aroused  any  ideas 
directly,  and  few  associations  of  any  kind  except  verbal  ones, 
usually  phrases  of  which  they  customarily  form  a  part.  Occa- 
sionally they  gave  evidence  of  setting  the  subject's  thoughts  in 
characteristic  directions  of  expectancy;  and  doubtless  the  prep- 
ositions, especially,  always  had  some  very  general  influence  in 
determining  how  the  whole  thought  organism  should  face  the 
coming  related  object.  These  vague  expectancies  were  occa- 
sionally noticed  by  the  subjects,  particularly  in  the  case  of 
such  words  as  "  between,"  "  into,"  etc.  The  whole  feeling  of 
the  subjects  toward  these  words  and  their  inability  to  call  up 
associations  irresistibly  suggested  that  the  mind  had  no  place 
for  them  as  separate  wholes,  and  that  there  was  no  normal  way 
of  thinking  them  except  as  more  or  less  fused  components  of 
larger  units;  viz.:  as  parts  of  phrases,  and  perhaps  sentences  as 
they  continually  occur  in  reading. 

Turning  to  the  associations  from  words  given  in  context,  we 
find  as  their  most  distinguishing  characteri.stic  that  they  are  far 
less  variable.  The  mere  statement  that  the  word  to  be  ex- 
posed is  part  of  a  reading  passage  limits  the  trend  of  association 
when  no  context  has  been  given.  The  limitation  extends  fur- 
ther when  the  subject  has  caught  the  general  topic  discussed  in 
the  passage,  and  still  further  when  the  exposed  word  is  given 
upon  a  verbal  and  ideational  background  formed  by  preceding 
context.  In  the  case  of  the  word  "top,"  for  example,  after 
the  mention  of  ' '  web-weaving  ' '  the  word  ' '  top  ' '  no  longer 
suggests  "top  of  hill,"  "flag-staff,"  "spinning  tops,"  etc., 
but  preferably  the  "  top  of  a  post  or  gateway,"  with  "  spider- 
situation  "  in  mind,  and  a  greater  vividness  of  the  suggested 
picture  for  its  having  already  been  partially  aroused  in  expec- 
tation. 

This  difference  in  the  trend  of  association  is  shown  by  all 
subjects,  but  much  more  by  some  than  others;  and  it  varies 
from  time  to  time  as  the  subject's  greater  or  less  interest  made 
him  more  or  less  approximate  the  condition  of  normal  reading. 

The  newly  exposed  word  was  usually  mentally  pronounced 
as  before,  and  "  fitted  into  the  preceding,"  as  was  very  often 
remarked  by  one  subject;  the  new  word  contributing  appar- 
ently toward  a  notion  of  sentence  unity,  to  which  each  addi- 
tional element  added  a  needed  part.  Immediately  following 
this  there  was  in  a  majority  of  cases  a  filling  out  of  the  sen- 
tence or  phrase  so  as  to  make  sense  with  the  preceding  con- 
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text,  and  when  this  did  not  occur  there  was  usually  a  ' '  for- 
ward push,"  "forward  tendency,"  "  tendency  to  fill  out,"  as 
it  has  been  very  frequently  described  b}^  the  subjects.  All 
subjects  have  emphasized  the  strength  and  comparative  con- 
stancy of  this  feeling,  and  mentioned  it  as  perhaps  the  most 
striking  thing  to  be  observed  in  the  experiment.  It  was  not 
present  in  any  considerable  degree  at  the  beginning  of  para- 
graphs, nor  at  the  close  of  sentences  and  paragraphs.  The 
"  little  words  "  (as  the  subjects  came  to  call  the  words  expres- 
sing relation,  etc.),  gave  but  little  except  this  forward  feeling 
and  verbal  associations.  They  seemed,  as  subject  "A  "  re- 
marked several  times,  to  be  but  ' '  verbal  counters  ' '  in  the  sen- 
tence. 

Subject  "A  "  showed  comparatively  little  tendency  to  vis- 
ualize throughout  the  experiment.  There  was,  however,  vis- 
ualizing of  some  of  the  main  objects  and  scenes  referred  to  in 
the  passages  read, — enough  to  form  a  vague  background  for 
the  story,  which  seemed,  however,  in  the  main  to  be  thought 
in  verbal  terms.  Subjects  "  B  "  and  "  C,"  howevei-,  had  more 
of  the  visual  element,  and  the  interpretative  process  with  them 
seemed  to  be  more  or  less  independent  and  parallel  with  the 
verbal  associative  complex.  In  the  story  of  the  spider's  weav- 
ing its  web,  for  example,  a  visual  picture  of  a  spider  was  early 
formed,  which  was  present  throughout,  though  more  or  less 
modified  to  suit  the  different  references  to  it  as  the  story  pro- 
gressed. The  spider  was  seen  in  a  visual  background  that  had 
different  components  fused  into  it  in  a  kaleidoscopic  fashion, 
as  the  story  gave  additional  data;  but  no  violent  breaks  were 
made.  While  this  scene  would  pass  out  of  the  attention  field 
sometimes  as  some  substantive  would  call  up  scenes  peculiar  to 
itself,  it  constantly  remained  as  a  factor  controlling  the  course 
of  expectation  and  association. 

This  visualization  was  almost  always  static.  The  spider  jump- 
ing was  visualized  as  the  spider  ready  to  jump  or  just  alighted. 
The  thought  of  motion,  when  mentioned  at  all,  seemed  to  be 
one  of  tendency  to  movement  in  the  subject's  motor  organism. 

The  agreement  or  disagreement  of  the  exposed  word  with  the 
trend  of  expectation  produced  by  the  preceding  context  was  a 
matter  of  frequent  remark  by  the  subjects,  and  often  of  con- 
siderable feeling  on  their  part.  No  matter  whether  or  not  the 
subject  had  consciously  formulated  his  expectations,  there  was 
a  feeling  of  rightness  or  wrongness  about  the  sequences,  which 
was  expressed  in  judgments  of  fulfilled  or  disappointed  expec- 
tation. That  this  disappointment  or  fulfillment  of  expectation 
was  not  caused  merely  by  getting  or  failing  to  get  the  particu- 
lar verbal  form  desired,  irrespective  of  its  intrinsic  fitness,  is 
evidenced   by    the   frequent  judgments   that  the   given   word 
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though  different  was  "  all  right,"  "still  better,"  etc.  Some- 
times the  new  word  given  really  closed  the  sentence  to  the  sub- 
ject's expectation,  and  the  author's  appending  some  corollary- 
caused  displeasure. 

It  would  be  profitable,  if  I  had  time  and  space  sufficient,  to 
give  a  detailed  account  of  the  results  of  exposure  by  phrases  of 
the  article  on  ' '  Tribal  Religions. ' '  A  few  comments  must  suf- 
fice, though  I  hope  to  make  more  use  of  the  data,  and  espe- 
cially of  the  method  of  experimenting,  at  some  later  time. 

In  almost  every  case  the  phrase  was  first  "  read  and  motor- 
ized," as  the  subject  put  it.  It  would  seem  as  though  this 
meant  a  recognition  of  the  visual  form  first  with  a  closely  fol- 
lowing motorization;  though  just  what  the  "  read  "  meant  was 
rather  uncertain  to  both  of  us.  The  processes  usually  seemed 
simultaneous  to  the  subject's  introspection.  (I  might  say  the 
subject  was  a  thoroughly  trained  observer).  Following  this 
there  was  almost  always  either  a  ' '  fitting  in  "  of  the  word- 
group  with  what  preceded,  or  a  "  filling  out  "  with  some  word 
or  group  of  words;  according  (usually)  as  the  exposed  phrase 
made  closer  connections  with  the  preceding  or  following  con- 
text. The  fitting  in  with  the  preceding  would  be  expressed  in 
such  words  as  "joined  with  what  came  before;"  "recognized 
that  this  was  sense  expected  though  not  the  words;"  "  felt  the 
fulfillment  of  expectation  though  words  were  quite  different  from 
expected;"  "Sense  fell  in  with  the  expected  sense;"  "gave 
phrase  its  place  in  sentence  as  far  as  could;"  "  gave  it  its  place 
as  completion  of  sentence;"  (these  are  from  subject's  dictation, 
paraphrased  sometimes). 

The  filling  out  would  not  always  be  with  definite  words.  It 
was  often  expressed  as  "  tendency  to  complete,"  "tendency 
forward,"  "  very  strong  tendency  to  fill  out,"  Quite  usually, 
however,  definite  words  or  phrases  came  to  mind,  completing 
what  was  given.  The  subject  remarked  on  one  occasion  that 
this  forward  tendency  was  by  all  means  the  most  prominent  of 
the  things  to  be  observed  introspectively.  There  was  occasional 
dissatisfaction  at  the  non-fulfillment  of  expectation. 

The  subject  had  shown  comparatively  little  tendency  to  vis- 
ualize in  my  previous  experiments  with  him,  and  showed  no 
more  in  this.  He  remarked  on  one  occasion  that  throughout 
the  experiment  he  was  struck  with  the  little  amount  of  visuali- 
zation as  compared  with  the  verbal  association.  On  another 
occasion  he  remarked  that  the  words  served  simply  as  "  coun- 
ters "  till  he  got  "  the  whole  thing." 

There  was  a  vague  general  picturing  of  location  of  what  was 
described,  and  some  vague  visualization  of  main  scenes  and 
characters.  But  for  the  most  part  by  far  the  subject  was  con- 
cerned with  words  and  their  interassociations.     There  were  in- 
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frequent  tendencies  to  translate  into  other  terms,  as  when  "  con- 
demned ' '  seemed  to  suggest  a  gesture  of  striking  down  with 
the  arm.  These  translations  were  usually  but  incipient  and 
rather  intangible. 

I  feel  the  need  of  much  more  experimenting,  and  especially 
of  much  more  time  than  I  have  had  for  reflection  upon  the  as- 
sociative and  interpretative  processes  in  reading,  before  attempt- 
ing any  final  account  of  them.  Provisionally  and  roughly,  I 
should  say  that  in  reading  there  were  two  sets  of  processes, 
somewhat  independent  and  paralleling  each  other:  (i)  a  read- 
ing in  terms  of  interassociated  word  and  phrase  units  (them- 
selves composed  of  interassociated  sub-units),  thought  in  a 
variously  proportioned  combination  of  visual,  auditory,  and 
motor  elements;  (2)  a  reading  (or  interpretation)  in  terms  of 
direct  representations  of  the  realities  with  which  the  subject 
matter  deals;  a  picturing  in  sense  terms  of  what  the  words 
symbolize. 

The  relative  prominence  of  the  two  processess  varies  greatly 
with  the  individual,  and,  of  course,  with  the  subject  matter  as 
well.  The  first  is  the  constant  process,  is  the  major  part  of 
the  performance  for  most  readers;  is  the  part  which  makes  the 
heavy  draft  on  the  psychophysical  machinery — is  the  fatiguing 
and  delaying  process.  It  is  the  ding  an  sick  for  the  average 
reader. 

The  second  process  is  a  sort  of  dramatization  in  which  the 
reader  sees  and  hears  and  smells  and  tastes,  and  takes  a  part. 
Consciousness  may  almost  desert  the  first  process  in  its  interest 
in  the  scenery  of  the  second;  yet  this  scenery  is  constantly  being 
changed  by  the  word- workers  behind;  and  it  may  be  jarred  to 
confusion  by  a  wrong  arrangement  of  word  or  phrase. 

Usually,  however,  and  with  some  readers  always,  the  first 
process  has  much  of  the  consciousness.  Here,  however,  with 
practiced  readers  at  least,  consciousness  has  mainly  to  do  with 
the  higher  phrase  and  sentence  units.  The  reader's  mind  has 
a  complex  tangle  of  interassociated  words.  Each  word  and 
class  of  words  has  its  preferred  associates;  and  when  these  come 
in  the  habitual  sequences  their  perception  is  duly  facilitated. 
No  matter  that  given  phrase  or  word  group  has  never  been 
seen  before.  Its  perception  will  be  duly  facilitated,  and  it  will 
be  unitarily  perceived  if  it  is  cast  in  a  habitual  form — if  it  has, 
e.g.,  familiar  sequences  of  object  following  preposition,  or  of 
substantive  following  appropriate  adjective.  Much  of  the  whole 
matter,  I  believe,  may  be  worked  out  from  this  point  of  view. 

I  have  been  interested  in  noting  the  part  which  motorization 
seems  to  have  in  this  higher  knitting  together  of  word-units 
into  phrase  or  sentence-units.  The  word,  with  myself  at  least, 
seems  to  be  motorized  as  soon  as  singly  presented,  instantly 
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when  seen;  and  this  motorization  seems  to  help  hold  it  in  con- 
sciousness while  it  is  combining  with  the  other  words  into  the 
higher  unit,  the  phrase,  which  is  then  itself  motorized  (or  in 
reading  aloud  is  spoken)  by  one  unitary  effort. 

It  is  well  known  that  in  reading  aloud  the  vocal  utterance 
follows  several  words  behind  the  eye's  fixation  point.  It  seems 
to  me,  also,  that  in  silent  reading  there  is  a  similar  phrase 
motorization  (or  auditization,  or  both  as  is  most  usual)  follow- 
ing behind  the  eye,  and  after  the  perception  and  audito-motor- 
izing  of  the  single  words. 

(This,  of  course,  has  reference  to  readers  who  motorize;  and 
it  seems  difl&cult  to  find  readers  who  do  not,  in  a  greater  or  less 
degree. )  The  single- word  motorization  does  not  make  so  much 
noise  in  consciousness  as  the  later  and  reinforced  utterance  as 
part  of  a  phrase;  but  is  truly  there,  to  my  introspection  at 
least. 

Of  the  second  process  I  can  give  but  slight  account.  Most 
words  with  which  we  deal  in  reading  are  concepts;  not  repre- 
senting definite  single  realities,  but  having  more  or  less  vague 
abstract  ideas  which  they  symbolize,  and  which  they  may  or 
may  not  call  to  consciousness  when  presented. 

Most  of  these  concept  words,  as  relational  words,  verbs,  etc., 
represent  abstract  ideas  which  are  very  intangible;  of  which 
little  clear  account  can  be  given  upon  the  most  careful  intro- 
spection. Doubtless  in  reading  there  is  usually  a  vague  con- 
sciousness of  the  generalized  experience  which  these  words 
represent; — but  for  the  most  part  they  seem  to  be  in  the  read- 
er's consciousness  as  mere  words;  translatable  in  some  measure 
at  the  reader's  will,  but  the  reader  seldom  willing.  The  words 
representing  particular  realities  or  less  generalized  experience 
more  often  call  up  these  their  associates. 

Much  of  the  translating  seems  to  come  not  from  words  sin- 
gly perceived,  but  from  the  perception  of  phrases  and  sentences 
as  wholes;  the  words  acting  as  ' '  counters  ' '  until  blended  thus. 

I  have  been  more  and  more  interested  in  the  verbal  side  of 
reading.  It  seemed  at  first  as  though  reading  was  dead,  in- 
ane,— really  not  reading  at  all  unless  there  was  constant  trans- 
lation into  the  realities  symbolized;  but  I  have  found  various 
good  thinkers  and  workers  in  science  who  seemed  to  be  pre- 
dominatingly verbalists  in  their  reading;^  and  I  am  not  sure 
but  that  the  most  of  us  read  by  far  the  most  of  our  words  and 
phrases  without  appreciable  translation. 

Such  verbal  readers  and  thinkers  may  be  analogous  to  a 
banker  who  does  an  immense  business  in  terms  of  drafts,  bank- 

^  We  might  expect  this  when  we  recall  the  results  of  Galton's  tests 
of  the  imaging  power  of  men  of  science. 
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notes,  checks,  etc., — controls  all  sorts  of  situations  by  them,  is 
free  to  convert  them  into  propert}'  or  whatever  else  they  repre- 
sent, at  any  time;  but  would  be  much  hampered  if  he  actually 
had  to  do  this  converting  very  often.  So  such  a  reader  carries 
on  his  reading  and  thinking  in  a  kind  of  short-hand,  uses  a 
mental  algebra,  lives  in  a  word-world,  a  world  of  symbols.  He 
can  thus  be  more  systematic,  precise,  expeditious;  and  after  all 
his  method  ma}'  not  be  so  fundamentall)'  different  than  that  of 
the  reader  who  habitually  translates  into  images;  for  the  latter 
is  but  a  dealer  in  other  symbols  of  the  same  realities;  symbols 
which  he  takes  comfort  in  thinking  are  more  like  the  realities 
than  those  in  which  the  verbalist  revels. 

Such  use  of  words,  however,  cannot  and  should  not  come 
until  a  broad  and  deep  basis  for  it  has  been  laid  in  terms  of  ex- 
perience with  the  realities  and  with  the  images  which  more 
nearly  represent  them.  Words,  except  as  they  are  correctly 
and  intelligently  convertible,  are  certainl}'-  most  deceptive  and 
dangerous  symbols  for  the  reader  as  for  the  thinker. 

Practical  Suggestions. 

In  concluding  here  what  must  remain  an  unfinished  stud}'',  I 
am  tempted  to  add  a  word  as  to  the  possibilities  of  improve- 
ment in  arrangement  of  reading  matter  and  in  reading  method. 

I  was  led  to  the  present  study  in  considerable  part  ( i )  by 
chafing  at  the  slowness  with  which  we  must  traverse  pages  of 
books  and  papers,  the  mind  appearing  able  to  assimilate  the 
thought  much  faster  than  the  eyes  can  traverse  the  lines,  or 
the  voice  the  words;  (2)  by  curiosity  to  know  the  immediate 
conditions  of  the  peculiar  fatigue  caused  by  reading, 

I  am  far  from  being  able  to  conclude  as  to  cause  or  cure  of 
either  condition,  I  am  firmly  convinced,  however,  that  there 
is  possible  an  arrangement  of  printed  reading-units  which  will 
greatly  lessen  the  work  of  the  eyes  and  considerably  lessen  that 
of  the  mind,  and  which  will  increase  the  speed. 

The  present  arrangement  compels  the  eye  to  cover  three  or 
four  times  as  much  ground  as  is  necessary  to  get  its  data.  It 
causes  unnecessary  difiiculty  in  "keeping  the  place,"  and 
causes  a  certain  amount  of  continual  distraction  from  the  pres- 
ence, in  the  upper  and  lower  periphery  of  vision,  of  compara- 
tively unrelated  matter.  This,  however,  is  but  a  beginning  of 
the  arraignment  which  might  be  made  of  the  present  arrange- 
ment from  the  eye  standpoint. 

From  the  interpretation  side,  one  of  the  serious  objections  is 
that  the  present  arrangement  makes  "  skimming"  difi&cult  and 
unsatisfactory.  We  have  noticed  the  progressive  tendency  to 
read  in  larger  and  larger  units;  and  this  should  go  on  until 
much  of  our  reading  could  be  done  by  a  skimming  process. 
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This  skimming  should  be  but  an  enlargement  of  normal  read- 
ing, proceeding  by  a  somewhat  regular  series  of  omissions  and 
resting  places,  in  which,  however,  all  the  matter  could  be  taken 
account  of  in  some  degree.  Atpresent,  however,  one  who  attempts 
to  "  skim  "  down  a  page  must  proceed  in  a  kind  of  hurdle-race 
fashion,  breaking  across  lines  of  which  the  full  content  is  nec- 
essarily unknown;  and  violating  at  ev^ery  instant  reading  habits 
which  it  has  taken  years  to  form.  The  arrangement  that  is 
finally  found  to  be  the  best  for  ordinary  reading,  will,  I  believe, 
facilitate  skimming  as  well. 

Again,  improvement  is  to  be  looked  for  in  a  more  systemat- 
ically and  logically  organized  .subject  matter.  The  reader's 
habits  of  word  and  phrase  association  and  expectation  have 
not  been  consulted  in  composing  in  the  past  as  they  will  be 
when  the  psychology  of  .style  has  been  made  a  matter  of  com- 
mon knowledge.  The  fact  that  subject  matter  arranged  to 
accord  with  the  reader's  reading-habits  is  read  in  one-half  the 
time  of  matter  arranged  contrary  to  these  habits,  suggests  the 
immense  advantage  that  may  come  from  studies  in  this  field. 

It  may  well  be  that  greater  speed  wall  come  through  a  better 
method  of  reading  from  pages  even  as  now  printed.  I  await 
with  interest  the  appearance  of  some  study  of  reading  rate 
among  persons  who  have  been  forced  for  any  cause  to  use  a 
purely  visual  method.  I  should  expect  that  such  reading  could 
be  done  at  a  faster  rate,  though  possibly  with  disadvantage  in 
some  unlooked  for  direction. 

I  have  tried  various  devices  for  increasing  my  own  speed  in 
reading,  and  have  succeeded  with  but  one,  viz.,  to  get  thor- 
oughly alive  to  the  subject  and  keep  trying  to  read  fast.  This 
seems  to  cause  associative  work  to  be  done  more  glibly;  there 
is  more  "reading  inside"  with  fewer  clues  needed  from  the 
outside,  and  so,  probably,  fewer  and  shorter  eye-fixations.  In 
any  reading  we  construct  the  thought  and  the  words  anew 
from  inside;  and  if  we  lazil}'  wait  to  do  all  this  constructing 
after  each  eye- full  of  data  is  given,  there  is  much  time  lost,  and 
much  room  given  for  extraneous  and  distracting  mind-contents. 
Personally,  I  should  be  grateful  if  I  had  been  given  speed  drills 
in  reading  for  thought,  in  my  public  school  days. 

Any  adequate  treatment  of  the  matter  of  fatigue  in  reading 
is  out  of  the  question  until  the  analysis  of  the  reading-process 
has  gone  much  further;  especially  as  there  is  much  to  indicate 
that  the  fatigue  is  a  matter  which  concerns  the  brain  as  much 
as  it  concerns  the  eye;  and  that  the  cumbrous  associative  word 
machinery  may  have  much  to  do  with  it  for  most  readers. 

Eye-fatigue  will  be  considerably  lessened  if  publishers  of 
books  and  papers  will  more  constantly  observe  certain  mini- 
mum requirements  as  to  size  and  thickness  of  type,  spacing, 
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quality  of  paper,  etc.,  upon  which  investigators  are  in  practical 
agreement.  As  to  the  vertical  separation  of  the  lines  (in 
primer's  phrase  "  the  leading  ")  and  line-length,  there  is  some 
disagreement;  but  a  tendency,  on  the  whole,  toward  the  shorter 
line-lengths  and  a  reasonable  amount  of  "  leading."  It  seems 
preferable  to  some  writers,  however,  as  Javal,  to  enlarge  the 
type  at  the  expense  of  the  "  leading,"  if  necessary.-^ 

But  the  greatest  lessening  of  fatigue,  at  least  of  eye- fatigue, 
may  be  expected  when  there  has  been  an  entire  reconstruction 
of  the  forms  in  which  reading  units  are  presented  to  the  eye. 
The  fossils  of  form  perpetuated  by  spelling^  and  printing  tradi- 
tions need  to  be  ground  in  the  hopper  of  common  sense,  and 
reformed  in  the  light  of  science  and  of  that  same  common  sense; 
and  it  may  be  found,  upon  trial,  that  the  idols  which  the  spell- 
ing reformers  have  been  seeking  to  overthrow  are  not  more  per- 
nicious (or  perhaps  more  tenacious  ot  life)  than  these  which 
the  printing  iconoclast  is  soon  to  attack.  At  any  rate,  it  is  high 
time  that  we  put  the  question  whether  we  are  doing  the  best 
that  we  can  in  our  arrangements  for  inter-communication  of 
thought  by  printed  symbols. 

^  On  the  subject  of  printing-nornis,  valuable  suggestions  will  be 
found  in  articles  by  Javal  (^Rev.  Scientifique,  1879  and  1881),  Cohn 
(^Rev.  Scientifique,  1881),  Sack,  reviewed  by  Erisman  in  Zeitschrift  fUr 
Schulgesund heitspjlege ,  Nos.  4  and  5,  1898),  Griffingand  Franz  {Psych. 
Review,  1896),  Blasius  and  Ludicke  (  Vierteljahrschrift  f.  off.  Gesund- 
heitspflege,  Bd.  XIII,  p.  432),  Sanford  {Anier.  Journal  of  Psych.,  I), 
Cattell  (articles  in  Mind  and  in  WundVs  Studien). 

2  Note,  e.  g.,  that  through  the  retention  of  the  useless  silent  letters, 
the  eye  and  the  mind  must  deal  with  about  one-sixth  more  data  than 
is  needed.  See  "  The  Spelling  Reform,"  by  Prof.  F.  A.  March,  pub- 
lished by  U.  S.  Bureau  of  Ed.,  1893. 
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By  J.  W.  Slaughter,  A.  B.,  B.  D.,  Assistant  in  Psychology. 


Since  the  first  consideration  of  the  fact  of  periodically  vary- 
ing intensity  in  the  perception  of  minimal  stimuli,  no  one  has 
felt  that  any  final  word  has  been  spoken.  The  matter  was  con- 
sidered important  as  bearing  on  the  ultimate  theory  of  the  at- 
tention during  the  historic  discussion,  beginning  with  Lange 
and  ending  with  Pace,  but  afterward  it  was  mentioned  in  the 
literature  as  one  of  the  general  facts  of  the  attention  compati- 
ble with  almost  any  theor}^,  all  question  of  causality  being  left 
open.  This  state  of  affairs  has  a  degree  of  justification  if  we 
remember  that  fluctuation  is  by  no  means  the  greatest  phe- 
nomenon referred  to  when  we  speak  of  attention,  a  term  cov- 
ering a  wide  range  of  facts  and  of  exceedingly  indefinite  con- 
notation. If  any  one  is  so  rash  as  to  overreach  in  his  inference, 
he  will  soon  find  his  theory  going  to  pieces  before  an  advance 
along  some  seemingly  unrelated  line.  So  the  cautious  attitude 
is  not  to  be  entirely  discouraged  or  distrusted.  At  the  same 
time  it  is  evident  that  any  investigation  of  ^this  kind  must  have 
as  its  ultimate  purpose  the  elucidation  of  the  most  complex 
and  hitherto  most  baffling  problem  in  psychology,  viz.,  that  of 
the  essential  nature  of  the  attention.  Some  are  content  to  rest 
in  general  terms,  as,  for  example,  that  attention  is  the  activity 
of  consciousness  as  a  whole,  basing  their  position  upon  some 
simple  formula,  as  the  law  of  relativity,  without  recognizing 
the  fact  that  such  a  formula,  perfectly  sane  as  far  as  it  goes, 
still  goes  only  a  little  way  toward  elucidating  the  processes  in- 
volved, until  the  limits  and  manner  of  its  application  are  fully 
determined.  The  discussion  referred  to  pivoted  on  a  question 
arising  from  the  analogy,  useful  for  some  purposes,  but  often 
misleading,  which  compares  consciousness  to  the  field  of  vision 
and  makes  a  separation  of  the  perceiving  agent  from  the  object 
perceived.  Do  the  so-called  fluctuations  of  the  attention  belong 
Journal— 3 
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to  consciousness  or  to  the  contents  of  consciousness  ?  Very  few 
to-day  would  insist  that  this  is  a  paramount  question  or  that 
its  answer  would  give  a  final  solution  to  the  problem  of  the  at- 
tention. We  may  say  that  the  attention  is  some  form  of  inter- 
action of  the  conscious  contents,  but  various  perplexing  ques- 
tions immediately  arise.  Is  it  not  a  mere  figure  of  speech  to 
speak  of  "  contents  "  with  a  conjoined  function  of  interaction  ? 
Is  this  interaction  a  process  of  reinforcement  or  inhibition  or 
both  ?  What  physiological  evidence  can  be  brought  in  support 
of  the  view  ? 

Experimental  demonstrations,  especially  of  a  physiological 
kind,  have  come  in  very  slowly  in  a  field  where  they  are  most 
urgently  needed.  Still  certain  important  additions  to  our  knowl- 
edge of  the  phj'^siology  of  the  nervous  system,  coupled  with 
modified  views  of  the  attention,  which  demand  a  basis  in  the 
facts  of  nerve  function ,  render  an  orientation  of  the  question 
unavoidable. 

The  facts  to  be  dealt  with  are  simple  and  familiar.  If  atten- 
tion is  given  to  any  just  noticeable  stimulus,  as  the  ticking  of  a 
V^,  watch  held  at  the  proper  distance  from  the  ear,  the  gray  rings 

of  the  Masson  disk,  or  slight  electrical  stimulation  of  the  skin, 
a  periodic  variation  between  perceptibility  and  imperceptibility 
is  noticed.  These  are  the  so-called  fluctuations  of  the  atten- 
tion. 

I. 

Since  the  reviews  of  the  literature  bearing  on  the  question 
are  fragmentary  and  unequal,  it  will  be  of  advantage  to  give  a 
brief  description  of  what  has  been  done  in  this  field.  The  phe- 
nomenon, already  noticed  by  physiologists  and  physicists,  was 
first  systematically  dealt  with  by  Urbantschitsch  in  two  investi- 
gations.^ 

In  the  first  of  these  he  found  that  when  a  clock  is  placed  at 
such  a  distance  from  the  ear  that  the  ticking  is  just  noticeable, 
a  variation  in  the  clearness  of  the  sound,  ranging  from  the  dis- 
tinct appearance  of  the  separate  strokes  to  entire  disappearance, 
is  perceptible,  the  transition  being  in  some  cases  gradual,  in 
others  sudden.  The  same  result  was  reached  when  the  ear 
was  closed  and  the  sound  transmitted  through  the  bones  of  the 
head.  On  the  basis  of  these  facts,  he  concluded  that  the  fluc- 
tuations have  their  seat  in  the  acoustic  nerve, which  being  sub- 
jected to  continuous  stimulation,  soon  becomes  fatigued  and 
recovers  itself  only  after  a  certain  period  has  elapsed.     In  the 

1  Ueber  eine  E'lgenthumlichkeit  der  Schallemfinduugen  geringster 
Intensitat.  Centralblatt  f.  d.  med.  Wissensch,  1875.  Ueber  subjective 
Schwankungen  der  Intensitat  akustischer  Empfinduugen,  Pfliiger's 
Archiv.     Bd.  27. 
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second  investigation,  Urbantschitsch  experimented  with  the  two 
ears  at  once  and  with  subjects  having  defects  of  hearing,  and 
reached  the  additional  conclusion  that  the  periods  for  the  two 
ears  do  not  coincide  but  alternate.  The  noise  is  noticed  first  on 
one  side,  then  it  seems  to  pass  through  the  head  and  appears 
on  the  other  side.  In  similar  manner  and  with  like  results, 
Urbantschitsch  investigated  the  other  senses.  If  two  points  are 
placed  on  the  skin  at  the  "  limen  of  twoness,"  the  periods  fall 
first  above,  then  below,  the  limen.  If  the  points  are  further 
apart,  the  fluctuation  is  between  the  two  just  as  in  the  case  of 
the  two  ears.  If  the  two  index-fingers  are  placed  in  hot  water, 
the  pain  sensation  is  felt  first  in  one,  then  in  the  other.  He 
found  that  the  same  rule  holds  if  two  points  of  any  sensory- 
surface  are  affected  by  their  specific  stimulus. 

The  view  of  Urbantschitsch  that  the  phenomenon  depends  on 
the  periodic  exhaustion  and  recovery  of  the  sensory  nerves, 
admittedly  without  support  from  what  was  known  of  nerve 
physiology,  found  an  opponent  in  Nicolai  I^ange  who  investi- 
gated^ the  variations  applying  to  them  the  name  "  fluctuations 
of  the  attention."  His  view  was  that  the  fluctuations  were  of 
central  origin  and  depended  in  general  upon  the  reinforcing 
function  of  the  apperceptive  activity.  After  establishing  the 
periods  as  extremely  short  he  proceeded  to  his  crucial  experi- 
ment which  was  to  compare  the  periods  found  by  applying 
minimal  stimuli  to  disparate  senses  at  the  same  time.  It  was 
found  that  the  periods  did  not  fall  together  but  were  separated 
by  a  definite  interval.  On  the  basis  of  this  experiment,  very 
questionable  in  itself  because  of  the  difficulty  of  attending  sim- 
ultaneously to  disparate  minimal  stimuli,  Lange  drew  the  im- 
mediate conclusion  that  the  fluctuations  did  not  depend  upon 
fatigue  of  the  sensory  nerves,  as  Urbantschitsch  had  thought, 
but  must  be  referred  back  to  the  unitary  activity  of  appercep- 
tion. The  first  or  negative  part  of  this  conclusion,  as  Eckener 
indicates,  has  a  certain  ground  if  we  grant  the  accuracy  of  the 
experiment.  The  second  part,  as  Miinsterberg  tells  us  with 
justification,  throws  the  whole  problem  back  upon  an  activity 
which,  as  I^ange  conceived  it,  lies  partly  or  entirely  within  the 
region  of  the  transcendental.  Lange  then  proceeded  to  support' 
his  position  with  experiments  on  the  familiar  illusion  of  the 
steps  and  broken  wall,  finding  that  the  fluctuations  between. 
the  two  fall  approximately  within  the  same  time  limits  as'^ 
those  connected  with  minimal  stimulation.  Reasoning  from 
the  assumed  fact  that  the  change  in  the  illusion  is  due  to  the 
varying  power  of  reinforcement  of  the  memory  images  of  steps 

^  Beitrage  zur  Theorie  der  sinnlichen  Aufmerksamkeit  und  der  ac- 
tiven  Apperception,  Phil.  Studien  IV,  pp.  390,  ff. 
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and  wall  in  the  process  of  apperception,  Lange  concludes  that 
some  such  varying  memory  images  must  lie  at  the  basis  of  the 
fluctuations  in  the  case  of  minimal  stimulation.  That  this  is  a 
pure  inference,  unsupported  b}^  direct  observation,  maybe  seen 
by  constant  attention  to  any  just  noticeable  stimulus,  as  the 
gray  rings  of  the  Masson  disk,  which  during  their  disappear- 
;ance  leave  nothing  perceptible  but  the  already  present  white 
background,  showing  that  it  is  a  case  of  appearance  and  dis- 
appearance and  not  of  alternation.  In  general,  one  is  inclined 
to  favor  the  criticism  which  Miinsterberg^  passed  upon  Lange, 
"  .  .  .  .  die  Resiiltate  seiner  Experimente  sind  durch  ihre 
iiberrasckende  Elegaiiz,  durch  ihre  unerwartete  Koustanz  undSich- 
erheit,  durch  ihre  leichte  Verchmelzbarkecit  7nit  metaphysichen 
Ansichten,  einerseits  geradezu  pradisponiert  zu  wissenschaftlichen 
Dognien  Z2i  iverden^  andererseits  in  hoheni  Mass  den  Ve7'dacht 
nahe  legend^  dass  irgeyidwelche  Fehlerquellen  iibersehen  warden 
sind. ' ' 

The  next  investigation  was  that  of  Miinsterberg^  who  took  a 
position  in  opposition  to  that  of  Lange,  asserting  on  the  basis 
of  his  experiments  that  the  phenomenon  in  question  is  to  be  re- 
J I  --Iferred  to  the  fatigue  and  recovery  of  the  accommodation  mus- 
^  cles  in  the  sense  organs.  This  is  the  peripheral  theory  which 
is  combated  by  nearly  all  the  succeeding  writers  on  the  ques- 
tion. Miinsterberg's  investigation  was  limited  to  the  sense  of 
sight,  on  which  he  performed  a  series  of  elaborately  varied  ex- 
periments. His  reason  for  choosing  this  sense  department  was, 
"  Den  lyichtreiz  konnen  wir  unter  sehr  viel  mannigfaltigeren 

Bedingungen  darbieten  als  den  Schallreiz Wich- 

tiger  aber  ist,  dass  wir  das  Auge  auf  beliebige  Punkte  richten 
und  bewegen  konnen. ' '  The  method  of  experimentation  was 
to  fixate  the  gray  rings  of  {he  Masson  disk  and  record  the 
fluctuations  in  series  upon  a  white  kymograph  drum  by  means 
of  a  tambour  and  pencil,  in  this  way  improving  upon  the 
method  of  Lange,  who  measured  single  fluctuations  upon  the 
chronoscope.  The  general  average  of  the  normal  fluctuations 
was  first  established  as  6.9  seconds.  The  experiments  were 
then  varied  by  the  use  of  a  "  prismatische  Lorgnette, ' '  by 
which  the  field  of  vision  was  moved  slightly  to  the  side,  re- 
quiring a  quick  movement  of  the  eyes  in  order  to  keep  the 
fixation  continuous.  After  some  practice  the  subject  could 
make  the  necessary  movement  so  quickl}'  that  the  interruption 
was  scarcel}'  perceptible.  In  case  the  prisms  were  held  con- 
tinuously before  the  eyes  naturally  no  very  great  change  in  the 
fluctuations   would   enter.     But   when   the   glass   was   inter- 

^Beitrage  zur  experimentellen  Psychologie,  Heft  II,  p.  78. 

2  Die  Schwankungen  der  Aufmerksamkeit,  Beitrage  II,  pp.  69,  ff. 
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posed  at  intervals  of  two  seconds,  it  was  found  that  the  fluc- 
tuations could  be  lengthened  to  11  to  14  seconds.  The  average 
was  12.3  with  an  average  variation  of  3.1  seconds.  In  the  next 
series,  a  sound  was  made  by  an  assistant  everj-  second,  which 
caused  the  subject  to  close  the  eyelids  quickly  for  a  moment, 
making  a  scarcely  noticeable  interruption  in  the  fixation.  "A 
decrease  to  entire  vanishing  never  took  place. ' '  A  quick  vol- 
untary closing  of  the  eyes  every  two  seconds  produced  the 
same  result.  The  next  variation  was  by  the  interposition  of  a 
gray  covering  which  for  a  short  interval  completely  hid  the 
disk  from  view.  ' '  The  effect  is  now  entirely  different, 
the  vanishing  appears  much  oftener  than  by  normal,  uninter- 
rupted fixation."  The  average  length  of  the  fluctuations  was 
5.8  as  against  the  normal  6.9  seconds.  The  same  general  re- 
sults were  reached  by  making  other  variations,  such  as  the 
use  of  indirect  vision,  and  moving  the  whole  apparatus  slowly 
in  different  directions.  In  the  last  series  of  experiments,  Miin- 
sterberg  investigated  the  connection  between  breathing  and 
the  fluctuations.  When  the  respiration  was  in  short  gasps  a 
distinct  shortening  of  the  fluctuations  was  noticed;  a  length- 
ened respiration  gave  a  corresponding  lengthening  of  the  fluc- 
tuations. In  the  latter  case  there  was  often  a  direct  corre- 
spondence between  inspiration  and  vanishing,  but  not  seldom 
the  two  proceeded  with  entire  irregularity. 

Miinsterberg's  theoretical  conclusions  will  concern  us  here 
for  only  a  moment  as  they  will  be  noticed  later  on.  Realizing 
that  the  intervention  of  a  tran.scendental  fuiiction  of  conscious- 
ness never  suffices  for  a  scientific  explanation,  he  decided  that 
the  variation  must  lie  in  the  region  of  ' '  contents, ' '  i.  e. ,  must 
have  a  peripheral  origin.  He  accounts  for  the  process  in  this 
way.  The  gray  rings  of  the  disk,  standing  out  only  in  the 
slightest  degree  from  the  background,  require  exact  accommo- 
dation and  fixation.  Any  cause,  either  artificial  or  of  the 
nature  of  fatigue,  which  produces  a  change  in  the  tension  of 
the  muscles,  necessarily  renders  impossible  for  the  time  being 
the  perception  of  the  rings. 

In  opposition  to  the  view  of  Miinsterberg  appeared  a  series 
of  articles,  the  first  of  which  was  by  Eckener.^  This  investi- 
gation is  important  as  bringing  the  apperceptive  factor  in  the 
process  strictly  within  the  lines  of  scientific  explanation.  Miin- 
sterberg had  practically  admitted  the  transcendental  element 
in  making  the  separation  between  consciousness  and  the  con- 
scious contents,  the  first  being  in  the  process  under  considera- 
tion a  fixed  will  to  attend,  a  complex  of  numerous  motives, 

^Untersuchungen  viber  die  Schwankungen  der  Auffassung  mini- 
maler  Sinnesreize.  Hugo  Eckeaer,  Phil.  Studien,  VIII, -p.  343. 
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etc.,  the  second  being  the  act  of  perception  itself.  Eckener  in 
a  rather  rigid  criticism  shows  the  impossibility  of  this  distinc- 
tion. 

What  Eckener  does,  be5'ond  the  work  of  Miinsterberg,  is  to 
extend  the  method  of  investigation  to  other  sense-departments, 
and  on  the  basis  of  these  results  and  a  careful  introspective 
analysis  of  the  conditions  involved,  draw  the  general  conclu- 
sion that  all  the  causal  factors  are  of  a  central  nature.  In  par- 
ticular, he  points  out  the  close  connection  between  the  ease 
with  which  the  memory-image  of  a  sensation  is  kept  in  clear 
consciousness  and  the  fluctuation  of  the  sensation  itself.  The 
conclusion  from  this  is  that  the  general  psychophysical  condi- 
tion which  connects  the  memory-image  with  the  actual  process 
of  stimulation  must  vary  in  some  way  before  the  fluctuations 
can  appear.  The  causes  of  such  a  variation  are  not  far  to  seek. 
They  lie  partly  within  the  nature  of  consciousness  itself  as  an 
organization  of  dynamic  not  static  elements,  partly  in  the  ac- 
tivity of  other  sensations  claiming  a  share  of  the  attention.  In 
other  words,  the  reason  for  the  fluctuations  lies  in  the  familiar 
phenomenon  of  distraction.  The  criticism  we  will  here  pass 
upon  Eckener  is  that  he  states  the  conditions  of  the  problem 
without  giving  a  real  solution.  Suppose  we  grant  that  the  pro- 
cess is  of  a  central  nature,  how  much  nearer  are  we  to  an  in- 
telligible understanding  of  its  real  nature  ?  The  term  apper- 
ceptio7i,  as  he  understands  it,  has  no  clearly  definable  laws, 
and,  until  we  can  determine  them,  it  is  absurd  to  apph'  it  for 
purposes  of  scientific  explanation. 

Pace,  in  a  companion  article^  to  that  of  Eckener,  describes 
an  experimental  test  of  Miinsterberg' s  conclusion  that  the 
fluctuations  depend  upon  variations  in  visual  accommodation. 
Working  only  with  the  Masson  disk,  he  first  establishes  the 
averages  for  the  normal  vision  of  his  subjects,  then  paralyzes 
the  ciliary  muscles  by  the  use  of  atropin,  and  finds  that,  with 
the  power  of  accommodation  entirely  lacking,  the  fluctuations 
proceed  with  only  a  slight  variation  from  the  normal.  The  ob- 
vious conclusion  is  that  the  essential  conditions  are  central. 
The  slight  variation  would  indicate  some  kind  of  reciprocal 
action  between  center  and  sense  organ,  but  as  to  the  nature  of 
this  he  gives  no  opinion. 

In  the  investigation  of  Marbe,*^  carried  on  without  knowledge 
of  what  was  being  done  by  Eckener  and  Pace,  the  position  of  Miin- 
sterberg is  attacked  from  another  side.  "Die  Theorie  Miinster- 
berg's     .     .     .     .     ist  nur  haltbar  wenn  drei  Voraussetzungen 

iZur  Frage  der  Schwankungen  der  Aufmerksamkeit.  Phil.  Stud. 
VIII,  p.  388. 

^Die  Schwankungen  der  Gesichtsempfindungen.  Phil.  Stud.  VIII, 
p.  615. 
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erfiidlt  sind:  wenn  namlich  erstens  die  Schwankungen  nur  bei 
ebenmerklichen  Reizen  eintreten;  wenn  zweitens  die  Reize, 
damit  sie  iiberhanpt  sichtbar  werden,  exacte  Accommodation 
und  Fixation  erfordern,  wenn  drittens  die  Schwankungen  nur 
bei  dunkeln  Punkten  auf  hellen  Grand  stattfinden."  On  this 
basis,  a  few  simple  variations  in  the  method  of  experimenta- 
tion are  suflBcient  to  overthrow  the  opponent's  position.  What 
Marbe  reall}-  does  is  to  determine  the  fact  that  when  the  inten- 
sity of  the  stimulus  is  varied  within  the  very  narrow  possible 
limits,  in  the  case  of  visual  sensations  by  changing  the  degree 
of  brightness  or  the  distance  from  the  e3'e,  a  ratio  is  found  be- 
tween the  degree  of  variation  and  the  length  of  the  fluctua- 
tions. With  a  stimulus  of  greater  intensity  or  nearer  the  eye, 
the  periods  of  disappearance  are  shorter.  We  shall  refer  to  this 
again. 

In  the  investigation  of  Lehmann/  the  theories  of  the  former 
writers  are  rejected  as  one-sided,  and  an  attempt  is  made  to 
analyze  some  of  the  physiological  factors  in  the  process.  Fol- 
lowing a  suggestion  made  but  rejected  as  improbable  by  Miin- 
sterberg,  he  studies  by  a  simple  experimental  arrangement 
the  relation  of  breathing  to  the  fluctuation.  In  the  case  of 
slight  electrical  stimulation,  it  is  found  immediately  that  the 
curves  representing  the  respiration  and  the  course  of  fluctua- 
tions, are  in  large  measure  coincident.  This  is  not  so  evident 
in  the  case  of  sound  or  light  stimulation,  but,  by  plotting  the 
averages  of  a  large  number  of  experiments  on  co-ordinates  di- 
vided to  represent  the  different  stages  of  a  respiration,  the  gen- 
eral result  is  determined  that  the  maxima  of  the  fluctuations 
fall  near  the  highest  point  of  the  inspiration.  To  account  for 
the  irregularity,  Lehmann  brings  in  other  factors,  in  the  case 
of  sound,  the  related  memory-image  determined  by  Eckener, 
in  the  case  of  light,  both  the  memory-image  and  Miinsterberg's 
variation  in  accommodation.  As  to  the  precise  way  in  which 
the  respiration  affects  the  fluctuations,  we  are  left  in  some 
doubt.  "  .  .  .  .  die  Reactionen  sind  am  haiifigsten  in 
der  Nahe  des  Inspirationsmaximums.  Hier  ist  eben  der  Blut- 
druck  am  grossten.  und  von  diesem  Zustand  muss  angenom- 
mem  werden,  dass  er  fiir  die  psychophysische  Arbeit  des 
Gehirns  giinstig  sei.  Wir  wissen  ja,  dass  das  Blut,  wahrend 
der  Arbeit  irgend  eines  Organes,  demselber  reichlicher  zu- 
fliesst. ' '  No  one  will  dispute  the  fact  that  any  organ  in  ac- 
tivity, by  reflex  excitation  of  the  vaso-motor  center,  receives  a 
larger  supply  of  blood.  This  is  eminently  true  of  the  brain. 
But  that  the  activity  of  the  muscles  of  respiration  should  cause 

^  Ueber  die   Beziehung  zwischen   Athmung   und  Aufmerksamkeit. 
Phil.  Stud.  IX,  p.  66. 
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a  greater  flow  of  blood  to  the  brain  does  not  appear  from  this 
process  of  reasoning. 

The  valuable  investigation  of  W.  Heinrich^  regarding  the  in- 
fluence of  central  processes  upon  the  activity  of  the  visual  sense 
organ,  contains  two  results  of  importance  to  our  consideration. 

(a)  "  Wird  die  Aufmerksamkeit  nicht-optischen  Eindriicken 
zugewendet,  so  wird  das  Auge  akkommodationslos,  es  kann 
sogar  eine  noch  starkere  Abflachung  der  lyinse  eintreten,  wie 
beim  Fernsehen." 

(b)  "  Wird  die  Aufmerksamkeit  von  den  optischen  Ein- 
driicken abgewendet,  so  andert  sich  die  Konvergenz  der  Augen- 
axen.     Diese  nahern  sich  der  Parallelstellung. ' ' 

Heinrich  proceeds  without  critical  examination  to  accept  the 
peripheral  explanation  of  the  fluctuations,  not  recognizing  the 
fact  that,  on  Miinsterberg's  ground,  so  soon  as  the  central 
factor  is  admitted,  this  interpretation  is  no  longer  possible. 

This  review  of  the  literature  afibrds  us  a  basis  for  distin- 
guishing three  views  regarding  the  fluctuations,  that  they  have 
a  central  cause,  that  they  have  a  peripheral  cause,  and  that 
they  have  a  purely  physiological  cause.  Each  of  these  is  open 
to  certain  criticisms. 

( I )  The  school  of  Wundt  finds  itself  in  the  unfortunate  posi- 
tion of  being  committed  to  the  interests  of  a  definite  theory. 
This  theory,  notwithstanding  the  fact  of  its  great  utility,  is 
still  so  general  that  facts  referred  to  it  are  not  really  explained, 
and,  like  all  general  theories,  is  easily  disturbed  by  any  ap- 
parently antagonistic  fact.  The  consequence  is  that  its  sup- 
porters approach  every  question  with  a  certain  degree  of  pre- 
conception, which  shows  itself  in  the  present  case,  (a)  The 
variation  must  be  in  the  clearness  and  not  in  the  intensity  of 
the  sensation,  (b)  The  falling  away  from  clear  consciousness 
must  be  due  to  interference  and  inhibition  by  other  conscious 
elements,  (c)  The  explanation  must  be  predominantly  psy- 
chological. This  last  is  a  basis  of  a  very  valid  objection.  If 
the  phenomenon  is  to  be  viewed  purely  from  the  standpoint  of 
apperception,  there  is  nothing  to  determine  its  periodicity  but 
the  nature  of  the  conscious  elements  involved.  These  are  ad- 
mittedly of  very  unequal  importance  in  consciousness.  On  the 
other  hand,  the  fluctuations,  in  spite  of  their  variations,  show 
a  significant  degree  of  regularity.  This  would  predispose  one 
immediately  to  look  for  some  rhythmical  physiological  process 
as  a  basis  of  explanation. 

The  peripheral  theory  of  Miinsterberg,  on  the  other  hand, 
has  the  advantage  of  being  at  first  sight  very  simple  and  plausi- 
ble.    But  to  grant  that  the  fluctuations  depend  entirely  upon 

1  Die  Aufmerksamkeit  und  die  Funktion  der  Sinnesorgane.  Zeit- 
schrift  fiir  Psych,  u.  Phys.  d.  S.,  IX,  p.  342. 
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fatigue  in  the  accommodation  muscles  of  the  sense  organ,  is  to 
grant  the  previous  assumption  that  this  mechanism  is  relatively- 
independent  of  the  central  factors.  No  such  i.solation  seems  pos- 
sible. First,  muscular  fatigue,  after  the  researches  of  Mossq 
and  Lombard,  must  be  interpreted  as  exhaustion  of  the  inner-j' 
vating  center.  If  it  is  replied  that  this  is  a  purely  reflex  process, 
then,  secondly,  we  may  adduce  the  well  known  fact  of  central 
control  of  reflexes.  This  was  definitely  proved  in  the  case  of 
the  eye  by  the  investigation  of  Heinrich  noted  above.  The 
primary  impulse  must  come  from  the  central  organs.  Further 
the  theory  may  be  questioned  on  the  basis  of  fact,  as  the  re- 
sults of  Pace's  experiments  show.  Our  own  work  on  Dr,  O., 
mentioned  below,  enters  in  as  a  definite  disproof. 

A  theor}'  like  that  of  Lehmann,  besides  being  very  indefinite 
in  itself,  describes  processes  which  have  no  psychical  counter- 
part, so,  however  useful  it  may  be  in  other  directions,  does  not 
lend  itself  to  the  explanation  of  a  psychological  phenomenon. 

II. 

Our  experimental  work  took,  as  its  point  of  departure,  two' 
facts  derived  from  former  investigations:  (a)  that  the  weight 
of  evidence  lay  decidedly  on  the  side  of  a  central  causal  pro- 
cess of  some  kind ;  (b)  that  the  general  theories  of  the  atten- 
tion and  apperception  required  physiological  supplementation 
before  they  could  give  an  adequate  explanation  of  the  phe- 
nomenon. This  gave  a  determinate  direction  to  the  work.  It 
was  necessary, 

1 .  To  make  an  accurate,  detailed  study  of  the  fluctuations  in 
order  to  determine  any  characteristics  manifested  in  their  actual 
process  of  occurrence. 

2.  To  study  the  connection  between  these  characteristics  and 
any  physiological  processes  that  might  be  found  to  influence 
them. 

The  experiments  were  begun  in  the  fall  of  1898,  and  con- 
tinued for  the  greater  part  of  two  years.  The  following  per- 
sons acted  as  subjects  for  all  or  part  of  the  experiments:  Prof. 
Pillsbury  (P),  Miss  Earhart  (E),  Messrs.  Vought  (V),  Kirt- 1 
land  (K),  Stevens  (St),  Dr.  Oliver  (O),  and  the  writer  (S). 
All  of  these  except  O.  had  had  considerable  training  in  psycho- 
logical methods  of  work.  None  of  them  except  Prof.  Pills- 
bury  and  the  writer  had  any  knowledge  as  to  the  purpose  of 
the  investigation.  Each  subject  was  given  several  days'  train- 
ing before  his  results  were  treated  as  trustworthy.^ 

1  Perhaps  no  kind  of  reactions  are  at  first  more  indefinite  than  those 
in  this  field.  The  object  obtained  by  the  preliminary  training  was  the 
reflex  registration  of  all  the  fluctuations  and  the  exact  boundaries  of 
each.  The  best  test  of  adequate  preparation  was  the  subject's  own 
feeling  of  satisfaction  with  his  reactions. 
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In  order  to  carry  out  the  first  of  the  objects  indicated  above, 
it  was  necessary  to  obtain  the  fluctuations  in  series  of  suitable 
length.  For  this  purpose  a  long  horizontal  drum  was  used, 
covered  as  usual  in  registration  experiments  with  smoked 
paper.  A  small  stand,  bearing  the  Marey  tambours  and  elec- 
trical markers,  was  moved  along  the  drum  by  a  threaded  rod, 
turning  uniformly  with  the  revolutions  of  the  drum.  In  this 
way  a  continuous  series,  lasting  as  long  as  ten  minutes,  could 
be  secured.  The  tambour  recording  the  fluctuations,  was  con- 
nected by  a  rubber  tube  with  another  tambour  provided  with  a 
pressure-key  which  was  operated  by  the  finger  of  the  subject. 
Time  was  recorded  by  a  Xacquet-Verdin  clocks  indicating  fifths 
of  a  second.  The  minimal  stimuli  used  in  nearly  all  the  ex- 
periments were  the  gray  rings  of  the  Masson.diskj  as  they  were 
found  to  be  most  suitable  for  continuous  series,  as  well  as  for 
furnishing  the  most  unambiguous  results.  The  disk  used  was 
of  white  cardboard  and  26  cm.  in  diameter.  Along  one  of  the 
radii  was  a  series  of  carefully  outlined  black  .spots,  each  of 
which  was  4  mm.  square.  The  distance  of  the  spots  from  each 
other  was  likewise  4  mm.  As  the  daylight  was  found  to  be 
exceedingly  variable  for  the  work,  the  reflected  light  of  an  in- 
candescent lamp,  carefully  shaded  from  other  parts  of  the  room, 
was  allowed  to  fall  upon  the  disk.  The  distance  of  the  subject 
from  the  disk  was  kept  uniformly  at  one  and  one-half  meters. 

I.     Normal  Fluctuations. 

The  average  time-lengths  for  the  difierent  subjects  and  dif- 
ferent series  were  found  to  vary  within  such  wide  limits,  that 
our  original  intention  to  make  the  individual  fluctuations  as 
occurring  in  a  series  the  object  of  study,  soon  found  sufl&cient 
justification.  The  time  values  were  plotted  directly  on  cross- 
section  paper,  a  millimeter  to  the  fifth  of  a  second,  those  rep- 
resenting the  visibility  of  the  stimulus  being  above,  those  rep- 
resenting the  non- visibility,  below  the  horizontal  axis.  Dis- 
tance was,  of  course,  allowed  on  this  axis  for  the  lengths  of 
both,  reduced,  however,  to  seconds.  The  general  results  will 
be  evident  from  the  following  curve.  The  numbers  indicate 
full  seconds. 

This  curve  is  taken  from  the  very  earliest  series,  but  the 
same  characteristics  are  shown  throughout.  The  character- 
istics are  evident. 

(i)  The  curves  representing  the  visibilitj^  and  the  non- 
visibility  of  the  stimulus  do  not  remain  constant  but  vary  in 
approximately  definite  periods  of  two  kinds,  the  first  from  10 
to  15  .seconds,  the  second  from  60  to  80  seconds  in  length. 

(2)  These  variations  seem,  in  a  measure,  independent  of  the 
number  of  fluctuations. 
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Fig.  I.    Subject  P. 


(3)  The  periods  of  visibility  and  non-visibility  vary  their 
length  with  reference  to  each  other  not  in  inverse  but  in  direct 
proportion. 

(4)  In  general,  as  the  curves  approach  each  other,  that  is, 
as  the  periods  both  of  visibility  and  non-visibility  shorten,  the 
former  seems  to  be  relatively  greater  in  length  than  the  latter. 

These  generalizations  are  based  upon  the  results  of  about 
forty  series,  of  which  the  short  section  reproduced  is  consid- 
ered representative.  While  these  data  afford  very  meager  evi- 
dence for  any  kind  of  general  conclusion,  still  they  give  cer- 
tain suggestions  which  it  may  be  pertinent  to  indicate. 

(a)  The  fact  that  we  find  in  addition  to  the  primary 
fluctuations  a  secondary  and  a  tertiary  period  regularly  recur- 
rent and  largely  independent  of  the  number  of  fluctuations, 
would  suggest  that  we  are  dealing  with  a  composite  pro- 
cess, showing  the  influence  of  several  distinct  physiological 
rhythms. 

(b)  The  fact  that  a  period  of  visibility  is  attended  by  a  pro- 
portionally long  period  of  non- visibility  suggests  the  erroneous- 
ness  of  the  commonly  accepted  view  that  the  length  of  time  a 
stimulus  is  efiective  in  consciousness  is  a  direct  measure  of  the 
efficiency  of  the  attention.  If  we  can  assume  that  the  ratio  of 
attention-efiiciency  is  the  ratio  of  the  preponderance  of  the 
time-lengths  of  visibility,  the  converse  seems  ta  be  the  case. 
The  most  effective  attention  is  attended  by  short  and  there- 
fore rapidly  recurring  fluctuations.  This  position  is  sustained 
by  the  investigation  of  Taylor  carried  on  in  the  Michigan 
Laboratory  the  past  year.  The  experiments  were  sufl&cient  at 
any  rate  to  confirm  our  original  opinion  that  the  fluctuations 
are  of  central  origin  but  incapable  of  explanation  on  a  purely 
psychological  basis,  moreover,  that  the  investigation  of  the 
physiological  processes  involved  would  be  an  analysis  of  the 
groundwork  of  the  attention. 
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2,     Effect  of  Voluntary  Effort. 

It  is  a  well  known  fact  that  the  efficiency  of  voluntary  eflFort 
in  any  part  of  the  body  is  increased  if  attended  by  strain  in 
other  parts.  The  only  possible  explanation  of  this  seems  to 
be  that  the  efficient  discharge  of  a  group  of  motor  cells  is  in 
direct  proportion  to  the  extent  of  area  excited.  Or,  in  other 
words,  the  impulse  from  the  motor  cell  is  not  only  transmitted 
along  the  regular  path  for  the  innervation  of  the  muscle,  but 
is  diffused  to  the  cells  of  other  motor  parts  of  the  cortex.  Can 
a  like  diffusion  extend  to  sensory  cells  ?  If  the  general  law  is 
established,  it  will  be  a  comparatively  easy  matter  to  show 
how  the  centers  controlling  the  rhythmical  functions  of  the 
body  exert  the  influence  on  the  course  of  visual  fluctuations 
already  indicated. 

To  study  this  effect  the  same  arrangement  was  continued  as 
before,  except  that  another  tambour  was  added  connected  by  a 
rubber  tube  with  a  Verdin  dynamograph.  In  the  later  ex- 
periments a  Cattell  .spring  ergograph  provided  with  a  tambour 
was  substituted  for  the  dynamograph.  The  course  of  fluctua- 
tions was  taken  normally  as  before  for  the  first  half  of  the 
series,  then,  at  a  word  from  the  experimenter,  pressure  was 
exerted  upon  the  instrument  by  the  left  hand  of  the  subject. 
Of  course  the  strain  could  not  be  continued  for  any  great 
length  of  time,  so  the  recording  pointer  gradually  came  to  its 
first  position.  One  fact  that  may  be  noted  in  this  connection 
is  that  the  pointer  invariably  fell  during  a  period  of  non-visi- 
bility, the  efibrt  being  always  sustained  during  the  period  of 
visibility.  The  general  results  of  the  method  will  be  evident 
from  the  following  figure. 
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Fig.  2.     Made;  on  Subject  K. 

The  figures  indicate  full  seconds.     At  point  marked  E.,  strain  upon 
ergograph  is  begun. 
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The  fact  which  this  figure  is  intended  to  illustrate  is  ob- 
vious. The  exertion  of  pressure  upon  the  ergograph  by  the 
subject  is  followed  by  an  immediate  and  distinct  shortening  of 
the  periods  both  of  visibility  and  non-visibility.  An  additional 
fact,  not  so  clear  from  the  figure  but  established  by  all  the 
averages  made  by  the  writer,  is  the  relative  increase  in  the 
periods  of  visibility  over  those  of  non-visibility.  Adding  the 
remainder  of  the  ergograph  series  to  the  figure  shown,  and 
averaging,  we  get  the  following  Table. 

Table  I. 
Subject  K. 


N. 

Av.  F. 

Av.  v. 

Av.   UV. 

Ratio  of 
V  TO  UV. 

Normal 
With  Ergo. 

13 
28 

45 
33-4 

31-9 
24 

I3-I 
9-4 

2.43 
2.55 

The  Table  gives  the  complete  series  of  which  Fig.  3  is  a  part. 
The  following  Table  shows  the  same  results  for  another  sub- 
ject. 

Table  II. 

Subject  V. 


N. 

Av.  F. 

Av.  v. 

Av.    UV. 

Ratio  of 
V  TO  UV. 

Norraal 
With  Egro. 

21 
28 

29 
23-4 

J6.5 

13-9 

12.5 

9-5 

1.32 
1.46 

N  represents  the  number  of  fluctuations  in  the  series,  F,  the 
value  of  the  whole  fluctuation,  Fand  VV,  the  periods  of  visi- 
bility and  non- visibility  respectively.  The  last  column  shows 
the  increased  value  of  the  periods  of  visibility  in  the  ergograph 
series.     The  numbers  indicate  fifths  of  seconds. 

Compare  the  above  Tables  with  the  following  one  taken  from 
Marbe's  investigation. 

Table  III. 
(From  Marbe}) 


Distance 

Av.  Inter- 

Av. Sensa- 

Inter. 

Subject. 

FROM  Obj. 

Av.  F. 

mission 

tion 

into       "^ 

IN  CM. 

Period. 

Period. 

Sensation. 

G.  M. 

370 

7.82 

2.7 

5-1 

1-9 

G.   M. 

483 

9.0 

4-5 

4-5 

I.O 

K.   M. 

215 

II. 9' 

2.1 

9.8 

4-7 

K.   M. 

425 

17.4 

10.2 

7.2 

0.7 

1  op.  cil.  p.  623. 

*  The  time  here  is  in  seconds. 
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What  Marbe  designs  to  show  by  the  Table  is  that  the  efficient 
perception  of  the  stimulus  varies  with  the  distance  of  the  ob- 
ject. He  found  the  same  true  with  variations  in  the  bright- 
ness of  the  object,  and  summed  up  his  conclusions  in  the  for- 
mula that  the  fluctuation  lengths  are  a  function  of  the  intensity 
of  the  stimulus.  A  comparison  of  the  two  Tables  will  show 
that  our  results  are  in  close  agreement  with  his  except  that  in 
the  ergograph  series  the  periods  of  visibilitj-  are  also  shortened. 
As  to  the  main  point,  as  shown  in  the  last  columns,  there  is 
substantial  coincidence.  The  conclusion  from  this  is  that  mus- 
cular efibrt  has  the  same  effect  on  the  fluctuations  as  an  in- 
crease in  the  intensity  of  the  stimulus. 

How  is  this  to  be  explained  ?  Without  anticipating  more  gen- 
eral theoretical  conclusions,  it  may  be  said  that  the  probable 
explanation  is  the  same  as  that  of  the  increase  in  the  efficiencj'  o 
a  motor  activity  by  other  motor  activities.  In  other  words,  that 
impulses  emanating  from  motor  cells  act  upon  sensory  cells  by 
way  of  increasing  their  excitation.  It  is  probable  that  some 
of  Munsterberg's  results,  e.  g.,  the  shortened  fluctuations  with 
rapid  breathing,  and  the  shortened  periods  of  non-visibility 
with  eye  movements  and  quick  closing  of  the  lids,  can  be  ex- 
plained on  the  same  basis  as  being  due  to  the  exertion  of  effort. 
Another  apparent  effect  was  that  the  subject  could  see  the 
fainter  rings  at  the  periphery  of  the  disk  during  the  dj^nam- 
ograph  or  ergograph  series,  which  were  invisible  during  the 
normal  series.  This  cannot  be  stated  positively  as  it  might 
have  involved  an  element  of  suggestion. 

An  additional  fact  that  may  be  noted  in  this  connection  is 
that  the  increased  efficiency  shown  in  the  ergograph  series  is 
the  same  as  the  lowered  limen  of  sensibility  under  the  condi- 
tion of  maximal  attention.  The  close  connection  between 
maximal  active  attention  and  strain  sensations  resulting  from 
motor  activit}^  hardly  needs  to  be  indicated.  The  bearing  of 
the  general  questions  of  distraction  and  apperception  upon  what 
has  been  said,  will  be  noticed  in  a  later  connection. 

3.     Relation  to  Vaso-motor  Periods. 

The  investigation  to  this  point  has  been  concerned  with  what 
seems  to  be  merely  extraneous  influences  upon  the  course  of 
fluctuations.  The  question  now  arises  as  to  how  the_.fluctua- 
tions  themselves  are  to  be  explained.  Is  the  process  that 
causes  them  different  in  kind  from  the  processes  that  influence 
their  variable  lengths  ?  To  pass  over  now  to  the  purely  psy- 
chological view  of  apperception  would  be  a  violation  of  the 
common  psychophysical  assumption  of  parallelism.  Our  fur- 
ther experiments  answer  the   above  question  in  the  negative. 
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At  this  time  an  investigation^  was  being  carried  on  in  the 
physiological  laboratory  by  Professors  Lombard  and  Pillsbury 
relative  to  the  changes  in  the  rate  of  beating  of  the  normal 
human  heart.  Distinct  periodic  changes  in  the  pulse  rate  were 
made  out,  which  were  found  to  stand  in  constant  relation 
partly  to  the  respiration  and  partly  to  the  Traube-Hering 
waves.  The  only  possible  explanation  seemed  to  be  that 
various  impulses  notably  from  the  vaso-constrictor  center  flow 
over  and  act  upon  the  vagus  center,  the  effect  showing  itself 
immediately  in  an  inhibition  of  the  control  apparatus  and  con- 
sequent accelerated  action  of  the  heart. 

These  experiments  called  our  attention  to  the  approximate 
equivalence  in  time  existing  between  the  fluctuations  and 
changes  in  heart-rate,  and  at  the  same  time  showed  a  type 
of  nerve  activity  that  might  possibly  be  a  means  of  explana- 
tion. Since  the  changes  had,  as  indicated,  been  traced  to 
vaso-motor  activity,  it  was  determined  to  try  the  fluctuation 
series  in  connection  with  the  vaso-motor  changes.  For  this  pur- 
pose it  was  necessary  to  alter  slightly  the  arrangement  of  the 
apparatus.  The  curves  were  registered  on  the  vertical  drum 
of  an  ordinary  kymograph,  driven  by  clockwork.  The  rate  of 
revolution  was  adjusted  so  that  the  fifths  of  seconds  indicated 
by  the  time-marker  were  just  distinguishable.  This  slow  move- 
ment required  a  sharply  outlined  registration  of  the  beginning 
and  end  of  each  fluctuation,  so,  instead  of  the  tambour  and 
pressure-key,  an  electrical  marker  was  used.  An  ordinary 
telegraph  key  served  to  make  and  break  the  current.  The 
various  changes  in  blood-pressure  were  registered  by  means  of 
a  delicate  piston-recorder^  connected  with  a  finger-plethysmo- 
graph.  The  point  of  the  piston-recorder  was  kept  on  an  ex- 
act vertical  line  with  those  of  the  time-marker  and  the  marker 
indicating  the  fluctuations.  The  plethysmograph  was  sur- 
rounded by  a  water-jacket  through  which  a  stream  of  water 
of  constant  temperature  was  passed.  This  arrangement  served' 
to  register  the  pulse,  the  respiration  periods,  the  Traube-Her-' 
ing  waves,  and  all  other  changes  in  volume.  The  record; 
varied  with  the  different  subjects,  and  with  the  same  subjects 
under  different  circumstances.  At  one  time  the  pulse  only 
would  be  distinguishable,  at  another  time,  the  respiration  or 
Traube-Hering  waves,  so  that  it  was  only  under  the  most  favor- 
able circumstances  that  a  record  of  all  the  changes  could  be  se- 
cured at  once.  The  pointers  were  placed  on  the  same  line,  and  a 
direct  comparison  of  the  parallel  tracings  was  possible.  Atten- 
tion should  be  called  to  the  fact  that  this  method  of  experi- 

^  American  Jour,  of  Phys.,  Vol.  VII,  p.  201. 

2  For  a  description  of  this  instrument  and  its   uses,  see  Amer.  Jour, 
of  Phys.,  Vol.  VII,  p.  186. 
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meriting  made  it  quite  impossible  for  any  predisposition  on  the 
part  of  the  subject  to  influence  the  validity  of  the  results. 

The  tracings  reproduced  in  Figure  3  will  illustrate  the 
method  and  the  result  reached  by  it.  The  upper  curve  in- 
dicates time  in  seconds;  the  middle  one,  the  series  of  fluctua- 
tions, the  raised  parts  corresponding  to  the  periods  of  visibility; 
the  lower  shows  the  changes  in  blood-pressure,  only  the  pulse 
and  Traube-Hering  waves  being  distinguishable. 

Fig.  3.     On  S. 

The  coincidence  of  the  periods  of  visibility  and  those  of  in- 
creased blood-pressure  in  the  finger  is  immediately  evident. 
This  was  substantiated  on  subjects  P.  and  S.  by  about  fifty 
series  on  each.  The  reason  for  such  an  extensive  experimental 
test  is  that  it  was  exceedingly  difficult  to  keep  the  circulatory 
conditions  sufficiently  uniform  to  obtain  a  continuous  series  of 
vaso-motor  effects.  The  lever  of  the  delicate  piston-recorder 
was  lowered  with  the  slightest  variation  in  conditions  of  sound 
or  light,  or  the  intrusion  of  any  foreign  idea  into  the  subject's 
consciousness.  In  estimating  the  results,  only  those  sections 
of  the  tracings  showing  distinct  waves  for  five  or  more  succes- 
sive periods,  were  treated  as  evidence.  The  following  method 
was  observed  in  reading  the  tracings.  The  plethysmograph  curve 
was  levelled  up  to  a  straight  line  directly  under  the  fluctuation 
curve,  by  means  of  dividers  separated  to  the  exact  length  of 
the  piston-recorder  lever.  This  made  it  possible  to  compare 
directly  the  two  curves  with  a  view  to  determining  their  coin- 
cidence. A  case  was  treated  as  one  of  coincidence  when  the 
period  of  visibility  began  during  the  rise  of  one  blood-pressure 
wave  and  ended  before  the  beginning  of  the  next.  Every  case 
in  which  the  period  of  visibility  began  during  the  decline  or 
reached  over  to  the  next,  or  in  which  there  was  a  fluctuation 
without  a  corresponding  blood-pressure  wave  or  vice  versa, was 
treated  as  a  contrary  case.  The  general  estimation  of  the  read- 
ings, made  under  the  above  restrictions,  shows  the  following 
rate  of  coincidence  as  compared  with  all  the  cases: 

For  subject  P.,  83%  in  106  cases. 

For  subject  S.,  903^%  in  258  cases. 

The  presence  of  even  these  few  contrary  cases  might  throw 
doubt  upon  any  conclusion  based  upon  the  results,  but  it  must 
be  remembered  that  there  are  many  sources  of  interference 
quite  beyond  experimental  control.  There  is  always  the  pos- 
sibility of  a  slight  inaccuracy  in  the  subject's  registration  of 
the  fluctuations.  Again,  as  we  have  already  seen  reason  to 
believe,  there  are  probably  other  physiological  processes  that 
exert  an  influence  upon  the  length  of  the  periods. 

In  the  course  of  our  experiments  there  appeared,  in  addition 
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to  those  mentioned,  a  long  plethysmographic  wave,  the  origin 
of  which  could  not  be  accounted  for.  This  came  out  only  under 
the  most  favorable  circumstances,  and  was  very  susceptible  to 
any  kind  of  disturbance.  The  measurement  of  these  showed 
an  average  of  44  seconds,  with  an  average  variation  of  4.25 
sec.  There  is  some  reason  for  supposing  that  there  is  a  con- 
nection between  the  variations  in  fluctuation  lengths  noted  in 
Sec.  2  and  these  long  waves,  but  the  difficulty  of  obtaining  a 
number  of  the  latter  in  series  made  us  waive  for  the  time  being 
the  experimental  test  of  the  point.  ^ 

The  peculiarity  of  one  of  the  subjects,  E.,  should  be  noted. 
From  the  first  extraordinarily  long  fluctuations  were  given, 
the  periods  averaging  21  sec.  with  an  average  variation  of  3.16 
sec. 

Fig.  4..     On  E. 

The  introspective  record  showed  the  reliability  of  the  sub- 
ject's judgments  as  to  lengths.  When  later  the  plethysmograph 
was  used,  it  seemed  impossible  to  obtain  even  a  pulse  trac- 
ing. By  increasing  the  temperature  of  the  room  and  the 
water  in  the  jacket,  some  of  the  waves  were  brought  out.  The 
pulse  was  never  visible,  the  respiration  wave  never  came  out  very 
clearly,  and  there  was  an  exceedingly  long  vaso-motor  wave, 
only  slightly  discernible.  This  latter  coincided  very  closely 
with  the  long  fluctuation  mentioned. 

The  discussion  of  the  theoretical  bearings  of  this  section  will 
be  taken  up  in  the  conclusion. 

4.     Relation  to  Breathing. 

The  fact  was  noticed  early  by  several  of  the  subjects  that  if, 
during  the  period  of  disappearance,  an  especial  effort  was  made 
to  recover  the  stimulus,  the  rings  would  flash  out  for  a  moment 
and  immediately  disappear.  This  was  undoubtedly  the  source 
of  the  indefiniteness  and  confusion  experienced  by  the  subjects 
during  their  preparation.  The  training  directed  their  atten- 
tion to  the  longer  fluctuations,  and  gradualh'  made  the  momen- 
tary flashes  imperceptible.  Near  the  close  of  the  experimental 
work,  P.,  being  the  most  thoroughly  trained  subject,  began  to 

Fig.  5.      On  P. 

look  for  these  and  register  them  together  with  the  longer  fluc- 
tuations. No  cause  for  their  existence  could  be  ascertained 
until  the  pneumograph  was  tried,  when  they  were  found  to 

^Howell  and  Shields  found  similar  long  plethysmographic  waves 
but  of  greater  length  in  their  work  on  sleep,  but  so  far  as  the  writer 
knows  no  phj'siological  explanation  has  been  offered  for  them.  Jour- 
nal of  Exp.  Med.,  Vol.  II,  pp.  325-326. 

JOURNAI, — 4 
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follow  accurately  the  periods  of  respiration.  Then  a  subject 
was  tried,  who  had  been  trained  before  but  not  used  on  ac- 
count of  the  extreme  shortness  and  constancy  of  his  fluctua- 
tions. Only  the  plethysmograph  was  used,  on  account  of  the 
possible  suggestion  that  might  be  given  by  the  pneumograph. 
The  result  showed  a  strong  pulse  tracing  and  an  extremely 
marked  respiration  wave.  There  was  little  or  no  indication 
of  the  Traube-Hering  waves.  The  fluctuation  periods  corre- 
sponded closely  with  those  of  respiration.     There  were  at  in- 

Fig.  6.  On  St. 
tervals  breaks  in  the  correspondence,  but  this  is  what  would 
be  expected  from  the  interference  of  the  longer  period.  When 
the  subject  was  questioned  at  the  close  of  the  work,  he  stated 
that  he  had  been  perfectly  unconscious  of  the  respiration  pro- 
cess, that  a  connection  between  breathing  and  the  fluctuations 
had  never  occurred  to  him. 

The  results  here  are  in  agreement  with  those  of  Lehmann 
who  found  in  the  case  of  minimal  electrical  stimulation  an 
almost  perfect  correspondence  between  the  fluctuation  and  res- 
piration periods.  The  ambiguity  in  his  method  of  explanation 
has  already  been  indicated. 

One  important  result  to  which  this  section  brings  us,  is  the 
complete  uselessness  of  attempting  to  establish  an  absolute 
value  for  the  fluctuations.  The  physiological  influences  that 
control  them  seem  to  differ  widely  with  the  various  subjects 
and  for  the  same  subject  at  diflerent  times.  This  probably  also 
accounts  for  the  disparity  in  time  values  obtained  from  differ- 
ent sense  departments. 

The  general  results  of  our  experiments  would  show,  then, 
that  the  fluctuations  of  the  attention  are  in  close  connection 
with  at  least  three  physiological  rhythms.  That  in  most  sub- 
jects they  run  parallel  to  the  Traube-Hering  waves  of  blood 
pressure,  as  Exner  has  suggested  might  be  possible.^  That  in 
some  subjects  the  breathing  undoubtedl)^  plays  the  predomi- 
nant role,  and  that  in  one  subject  it  is  probable  that  there  is 
still  another  longer  wave  that  assumes  the  more  important 
place.  Furthermore,  even  in  the  subjects  whose  main  rhythm 
corresponds  to  the  Traube-Hering  waves  the  other  influences 
are  not  entirely  lacking.  As  Lehmann  found,  and  his  results 
are  confirmed  by  the  work  of  Taylor,  even  the  longer  atten- 
tion waves  tend  to  change  their  direction  at  a  definite  point  in  the 
respiration  rhythm.  Again,  careful  observation  shows  that  the 
breathing  rhythm  continues  to  bring  out  the  gray  rings  during 
the  time  occupied  by  the  trough  of  the  Traube-Hering  wave. 

^Exner:  Entwurf  zu  einer  physiologischen  Erkaruug  der  psychisch- 
en  Erscheinungen,  p.  303. 
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On  the  other  hand  the  longer  waves,  whatever  their  origin 
may  be,  betray  their  influence  in  the  varying  lengths  of  the 
fluctuations  corresponding  to  the  Traube-Hering  waves. 

The  interaction  of  these  varying  influences,  now  one,  now 
another  predominating  in  the  different  individuals  and  in  the 
same  individual  at  different  times,  would  account  for  the  varia- 
tions in  length,  the  limits  of  which  have  been  set  by  Pace  as  3 
and  24  seconds. 

5.     The  Case  of  O. 

The  present  section  has  little  connection  with  the  above 
series  of  experiments,  but  should  be  appended  as  the  descrip- 
tion of  an  interesting  case  in  connection  with  the  old  discus- 
sion as  to  the  origin  of  the  fluctuations.  O  was  troubled  by 
cataract  in  both  eyes.  In  an  operation  taking  place  in  July, 
1890,  the  lens  of  the  right  eye  was  punctured,  resulting  in  de- 
generation. The  entire  lens  was  removed  in  two  subsequent 
operations.  The  same  series  of  operations  had  been  begun 
upon  the  left  eye  which,  however,  is  not  yet  effective  for  seeing. 

Owing  to  circumstances  it  was  impossible  to  give  much  pre- 
liminary training,  or  take  a  very  extensive  series  of  experi- 
ments, so  the  reproduction  of  figures  will  have  only  a  relative 
value.     The  averages  found  are: 

Whole  fluctuation,  6.72  sec. 

Period  of  visibility,  4.89  sec. 

Period  of  non- visibility,  1.83  sec. 

The  main  point  of  interest  is  that  the  distinct  appearance 
and  disappearance  of  the  gray  rings  took  place  just  as  with  a 
person  of  normal  vision.  With  the  absence  of  the  power  both 
of  convergence  and  accommodation,  the  result  bears  conclu- 
sively upon  the  peripheral  theory  of  Miinsterberg,  and  espe- 
cially upon  Heinrich's  rather  dogmatic  support  of  it.^  It  again 
possesses  a  decided  advantage  over  the  results  of  Pace  as  he 
could  never  be  absolutely  certain  that  the  atropin  had  entirely 
destroyed  the  power  of  accommodation. 

III. 

That  nerve  cells  interact  in  some  way,  and  that  the  activity 
of  large  groups  of  them  can  be  focussed  in  definite  directions, 
is  an  assumption  that  lies  at  the  very  basis  of  all  psychological 
investigation.  So  long  as  no  question  as  to  how  this  activity 
goes  on  is  raised,  the  assumption  is  granted  without  contradic- 
tion. The  existence  of  the  suitable  anatomical  structures  is 
sufficient  evidence  that  it  takes  place.  One  definitely  proved 
physiological  fact  would  go  far  toward  settling  psychological 

^  Die  moderne  physiologische  Psychologie  in  Deutschland,  pp.  125,  ff. 
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disputes  as  to  reinforcement  and  inhibition.  There  are,  to  be 
sure,  a  few  special  kinds  of  nerve  activity  which  are  intelli- 
gible to  the  phj'siologist.  For  example,  (a)  the  transmission  of 
sensor}'  and  motor  impulses  from  one  neuron  to  another;  (b) 
the  inhibitory  control  of  certain  reflexes  such  as  those  of  mic- 
turition, parturition  and  defecation;  (c)  the  flowing  over  of  im- 
pulses from  a  sensory  to  a  motor  center,  such  as  the  fact  dis- 
covered b}'  Schafer  that  stimulation  of  parts  of  the  occipital 
and  temporal  cortex  is  followed  by  definite  movements  of  the 
eye.^  Investigations  throwing  light  upon  the  influence  of 
psychical  states  upon  nervous  activity  are  scarce  but  not  en- 
tirely wanting.  For  example,  Lombard  has  shown  that  the 
knee-jerk  is  reinforced  by  attention,  mental  work,  music,  etc' 
Our  own  investigation  of  the  vaso-motor  processes  and  vol- 
untarj'  efibrt,  cannot  be  said  to  prove  conclusively  the  additional 
fact  that  the  activity  of  motor  cells  reinforces  the  activity  of 
sensor\'  cells,  because  one  of  our  terms  was  a  psychical  state 
probably  involving  a  number  of  factors,  but  the  connection  be- 
tween this  state,  primarih*  bound  up  with  a  sensory  process, 
and  the  motor  activities  mentioned  is  unmistakable.  It  might 
be  argued  regarding  the  connection  with  the  vaso-motor  pro- 
cess that  the  increased  efl&ciencj'  of  the  attention  during  the 
period  of  visibility  is  due  to  the  increase  in  blood  supply.  This 
is  the  position  of  Lehmann,  in  the  way  of  which  there  are  cer- 
tain very  definite  difficulties.  In  the  first  place,  Lehmann 
takes  as  the  basis  of  his  theory  the  fact  that  when  any  organ 
is  active  it  receives  a  larger  supplj'  of -blood.  From  this  he  im- 
mediately concludes  that  the  rhythmical  respiration  process 
alters  the  supply  of  blood  to  the  brain.  All  that  can  be  con- 
cluded from  the  premise  is  that  the  alteration  is  in  the  supply 
of  blood  to  the  respiratory  organs.  In  the  interval  it  may  go 
to  the  brain  or  may  not.  Again,  on  his  basis  the  impulse  which 
serves  as  a  demand  for  increased  suppl}^  must  originate  in  the 
activity  of  the  organ  itself.  Consequently  the  periodic  presence 
of  a  larger  amount  in  the  brain  assumes  a  prior  periodic  in- 
crease in  brain  function,  which  puts  the  problem  further 
back.  In  the  third  place,  without  attempting  to  dogmatize  on 
the  matter,  it  is  almost  safe  to  say  that  the  rhythmical  Traube- 
Hering  waves,  with  which  we  found  the  fluctuations  con- 
nected, are  not  the  result  of  a  specific  demand  from  any  part  of 
the  bod3\  When  such  demand  is  made,  the  registration  of 
these  waves  is  interfered  with,  as  was  seen  in  our  experiments 
in  the  instant  fall  of  the  lever  when  eflbrt  of  any  kind  on  the 
part  of  the  subject  took  place. 

1  Proceedings  of  the  Royal  Society,  1888,  Vol.  XLVIII. 
"^  Amer.  Jour,  of  Psy.,  I,  i. 
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One  other  question  stands  in  the  wa}'  of  our  making  a  defi- 
nite affirmation  in  regard  to  vaso-motor  activity,  viz.,  the  un- 
settled difference  between  the  positions  of  Mosso^  and  Howell 
concerning  contrary  circulation.  If  the  supply  of  blood  in  the 
brain  is  the  reverse  of  that  in  the  body,  then  obviously  in  our 
case  some  cause  for  the  fluctuations  other  than  the  presence  of 
blood  must  be  looked  for.  On  the  other  hand,  if  the  circula- 
tion is  direct  in  both  body  and  brain,  the  blood  supply  factor 
may  enter  in.  But  granted  that  the  latter  view  is  correct,  the 
question  still  remains  as  to  whether  the  presence  of  more  blood 
has  any  effect  whatever  upon  the  function  of  nerve  cells. 

The  phenomenon  seems  most  explicable  when  put  on  the 
same  basis  as  the  fact  that  respiration  waves  are  found  in  blood- 
pressure  tracings,  and  that  both  respiration  and  vaso-motor 
effects  are  found  in  the  rate  of  the  heart.  That  is,  the  two  cen-  - 
ters,  controlling  functions  of  enormous  importance  and  extent, 
must  originate  correspondingly  powerful  impulses,  and  these 
impulses  not  only  proceed  along  their  regular  paths  but  over- 
flow to  other  centers  and  are  transmitted  to  the  cortex,  there 
acting  by  way  of  added  excitation  upon  groups  of  sensory  cells. 
The  question  might  be  raised  as  to  whether,  granting  an  influ- 
ence of  some  kind,  the  impulses  reinforce  the  process  of  stim- 
ulation or  add  to  the  energy  of  the  cell.  The  question,  how- 
ever, is  not  important,  for  us  the  significant  point  being  that 
they  ill  some  way  reiyiforce  the  ftuidional  activity  of  sensory  cells.  \\ 
We  have  already  indicated  the  fact  that  sensory  stimulation  ' 
has  the  same  effect  upon  the  fluctuations  as  voluntary  effort. 
So  our  general  conclusion  would  be  that  the  activity  of  any 
group  of  cells  is  not  only  a  direct  response  to  the  stimulus, 
but  is  in  large  measure  dependent  for  its  efficiency  upon  the 
reinforcing  influence  of  other  groups  of  cells. 

An  objection  to  this  position  may  be  based  upon  the  ques- 
tion of  distraction.  According  to  the  Wundtian  position,  dis- 
traction, as  seen  in  the  apperceptive  struggle  of  ideas,  lies  at 
the  basis  of  the  fluctuations.  Eckener.  as  the  exponent  of  this 
position,  gives  a  long  list  of  the  possible  influences  claiming 
attention.  Prominent  among  these  are  mentioned  the  sensa- 
tions arising  from  the  general  stimulation  of  the  sense  organs 
disregarded  for  the  time  being.  The  objection  is  answered  by 
the  investigations  of  Miss  Hamlin*^  and  Miinsterberg,'  who 
showed  that  these  influences,  so  far  from  being  detrimental  to 
the  activity  of  the  attention,  are  really  necessary  to  its  highest 
efficiency. 

These  results  are  in  entire  accordance  with  the  type  of  ner- 

^Ueber  den  Kreislauf  des  Blutes  im  menschlichen  Gehirn,  1881. 
"^  Anier.  Jour,  of  Psy.,  VIII,  p.  i. 
*Psy.  Rev.,  I,  pp.  39,  £f. 
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vous  activity  to  which  our  experiments  on  the  whole  seem  to 
point.  They  further  seem  to  furnish  the  best  method  by  which 
to  approach  the  general  question  of  apperception  and  the  mode 
of  its  activity.  The  view  which  regards  the  apperceptive  rela- 
tions of  ideas  as  based  entirely  upon  inhibition,  is  founded 
upon  a  kind  of  mental  mechanics  not  at  all  consonant  with  the 
facts  of  nerve  physiology.  Inhibition  is  certainly  one  of  the 
functions  of  the  nervous  sj'stem,  but  the  word  is  used  with  ref- 
erence to  the  effect  and  not  the  process.  Nor  is  the  position  in 
agreement  with  the  results  of  the  investigations  of  Miinster- 
berg  and  Miss  Hamlin  just  mentioned.  We  naturally  deal  with 
the  question  from  the  point  of  view  of  our  own  experiments. 
While  our  results  are  not  sufficient  to  warrant  the  final  affirma- 
tion of  a  theory  of  reinforcement,  still  the  facts  regarding  nerve 
function,  the  basis  most  needed  for  any  kind  of  theory,  point 
decidedly  in  that  direction.  The  affirmation  of  the  importance 
of  this  side  has  been  definitely  made  b}^  Exner  and  others  of 
prominence.  The  view  makes  most  intelligible  the  fact  of 
unified  interactivity  of  conscious  elements,  and  at  the  same 
time  saves  us  from  the  difficulties  incident  to  regarding  the  at- 
tention as  a  special  process. 

Summary. 

The  results  of  the  investigation,  stated  generally,  are: 

1.  The  fluctuations  of  the  attention  do  not  depend,  as  for- 
merly affirmed,  upon  either  the  apperceptive  process  or  changes 
in  the  sense  organ. 

2.  The  periods  do  not  remain  constant  but  have  a  definite 
order  of  variation. 

3.  Voluntary  effort  shortens  the  fluctuations  and  increases 
the  relative  efficiency  of  the  attention. 

4.  The  periods  stand  in  close  relation  with  the  vaso-motor 
and  respiration  processes. 

5.  The  causal  process  is  physiological  in  nature,  and  prob- 
ably acts  by  way  of  a  reinforcement  of  the  activity  of  the  nerve 
cell,  not  indirectly  through  changes  in  nourishment,  due  to 
variations  in  blood  pressure. 


II. 

THE  EFFECT  OF  CERTAIN  STIMULI  UPON  THE 
ATTENTION  WAVE. 


By  R.  W.  Taylor,  M.  A. 


The  dominant  place  of  attention  in  consciousness  gives  great 
interest  to  all  experiments  along  that  line.  This  paper  deals 
with  one  of  the  minor  phases  of  the  duration  of  the  attention. 
Our  more  particular  problem  was  to  investigate  the  influence 
of  certain  stimuli  upon  the  length  of  the  attention  waves  in  the 
hope  that  the  results  would  throw  some  light  upon  the  much 
disputed  question  as  to  whether  the  waves  were  of  central  or  of 
peripheral  origin. 

The  Masson  disk  was  used  to  give  the  minimal  stimulus  neces- 
sary, as  it  is  at  once  more  easily  manipulated  and  the  results  ob- 
tained are  less  likely  to  be  influenced  by  distracting  stimuli  than 
if  a  minimal  sound  or  pressure  is  chosen.  In  these  experiments 
the  disk  used  was  32^  cm.  in  diameter,  and  had  drawn  upon 
one  radius  15  dots,  each  5  mm.  long,  4  mm.  wide,  and  separa- 
ted from  each  other  by  spaces  of  5  mm.  The^  fluctuations  were 
recorded  by  a  Marey  tambour  upon  the  horizontal  drum  de- 
scribed by  Slaughter.^  At  the  rate  used  a  single  record  lasted 
8^  minutes.  The  time  was  recorded  in  fifths  of  seconds  by  a 
Jacquet-Verdin  chronograph.  The  reagent  sat  at  a  distance  of 
two  meters  from  the  disk.  Pressure  upon  the  receiving  tam- 
bour marked  the  time  of  appearance  of  the  gray  lines,  and 
relaxation  of  pressure  the  time  of  disappearance. 

The  experiments  were  begun  in  February,  1900,  and  con- 
tinued until  June  of  that  year.  Mr.  Schiller  (S.),  Mr.  Bair 
(B.)  and  Miss  Earhart  (E.)  acted  as  subjects.  All  had  had 
some  previous  psychological  training,  and  were  careful,  inter- 
ested observers. 

We  shall  consider  the  results  obtained  from  S.  first.  The 
experiments  were  performed  by  taking  a  series  of  readings 
under  normal  conditions  lasting  over  a  period  of  three  or  four 
minutes,  and  then  one  or  two  series  of  readings  under  the  in- 
fluence of  different  kinds  of  stimulation  during  the  last  four  or 
five  minutes.  The  stimuli  used  for  S.  consisted  of  the  pain 
from  an  induction  current  applied  by  dry  electrodes  to  the  left 

^  This  Jotirnal,  p.  313. 
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hand,  the  complex  set  of  impressions  obtained  from  smoking, 
and  the  odors  of  balsam  and  ether.  The  induction  current  was 
adjusted  to  give  a  decidedly  painful  sensation,  but  of  course  it 
was  impossible  to  obtain  anj^  measure  of  its  strength  or  even  to 
keep  it  constant  during  the  experiments.  The  smoking  was 
peculiarly  pleasant  to  S.  as  he  had  been  an  inveterate  smoker, 
but  had  abstained  for  some  months  before  the  experiments.  It  is 
not  meant  that  this  gave  a  pure  sensation  of  any  kind  or  that 
the  experiment  is  not  complicated  by  the  direct  narcotic  effect 
of  the  tobacco.  As  will  be  seen  in  the  discussion  of  the  results 
we  are  concerned  only  to  show  that  the  attention  waves  re- 
spond to  various  influences  in  much  the  same  way  that  the 
better  understood  physiological  rhythms  respond,  rather  than 
to  trace  accurately  the  effect  of  definitely  isolated  stimuli  upon 
them.  Only  one  tracing  was  taken  with  the  odors,  and  the 
odors  chosen  were  some  that  happened  to  be  on  hand,  and  are 
not  those  likely  to  give  the  most  typical  results.  The  same 
objection  is  of  course  to  be  brought  against  the  ether  as  against 
the  nicotine,  and  can  be  met  in  the  same  way.  The  results  ob- 
tained from  odors  are  only  of  value  in  confirming  those  obtained 
from  other  substances. 

The  results  of  the  experiments  on  S.  are  given  in  Table  I. 
The  first  three  columns  show  the  time  in  seconds  of  the  visible 
period,  of  the  period  of  invisibility,  and  the  total  period  under 
the  normal  conditions.  The  second  series  of  three  columns 
gives  corresponding  values  obtained  during  stimulation  by  the 
induction  current,  and  the  third  series,  similar  values  while 
smoking.  At  the  bottom  of  the  Table  is  shown  the  result  of 
the  stimulation  by  the  different  odors.  Each  tracing  is  given 
separately  with  its  date,  that  the  variations  from  day  to  day 
may  be  noted.  Each  tracing  contained  from  eight}'  to  ninety 
complete  waves,  and  the  Table  gives  the  results  of  850  observa- 
tions. Several  of  the  early  tracings  were  omitted  that  the 
training  might  be  nearly  constant  throughout. 

The  most  notable  fact  in  the  results  of  the  experiments  is 
that  the  length  of  the  total  wave  is  shortened  by  the  electrical 
stimulation.  It  is  also  noticeable  that  the  greater  part  of  the 
shortening  comes  during  the  period  of  visibility, — the  visible 
period  is  decreased  in  length  more  than  a  second,  while  the 
period  of  invisibility  is  only  ^  sees.  less.  The  results  of 
the  experiments  while  smoking  are  no  less  marked  than  in 
the  preceding  case,  but  the  changes  are  in  the  opposite  direc- 
tion. In  these  tracings  the  total  length  of  the  wave  is  very 
noticeably  increased,  but  in  the  present  instance  the  increase 
is  entirel}'  in  the  visible  portion  of  the  wave,  while  the  period 
of  invisibility  is  actually  decreased.  These  statements  hold 
not  merely  for  the  average  as  a  whole  but  for  the  average  of 
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Table  I. 

Duration  of  Attention   Waves  in  Seconds. 

Reagent  S. 


Normal. 

Induction  Current. 

While  Smoking. 

Tracing  Date. 

Visible 

Not 
Visible 

Total 

Visible 

Not 
Visible 

Total 

Visible 

Not. 
Visible 

Total 

Mar.  21     (8) 

6.3 

5-1 

II.4 

5-4 

5-5 

10.9 

— 



— 

Apr.     2  (11) 

4-5 

3-« 

8.2 

— 

— 

— 

6.9 

3-7 

10.6 

Apr.     2  (12) 

— 

— 

— 

4.7 

•3-» 

«-5 

6.0 

30 

9.0 

Apr.     4  (15) 

6.9 

4.4 

II-3 

— 

— 

— 

9.6 

5-2 

14.7 

Apr.     4  (16) 

6.8 

4.0 

10.8 

5-4 

3-7 

9.2 

— 

— 

— 

Apr    12  (18) 

4.8 

3-7 

».5 

3-3 

4-5 

7.8 

6.1 

50 

II. I 

May     2  (ig) 

6.3 

6-5 

12.8 

3» 

4.8 

8.6 

— 

— 

Average^ 

6.0 

4-9 

10.9 

4-5 

WITH 

4-5 

9.0 

7-1 

4.2 

II-3 

ether 

WITH   BALSAM 

May     2  (20) 

6.7 

6.7 

13-4 

5-0 

5-4 

10.4 

3-3 

4.1 

7-44 

'Includes  normal  of  20  below. 

each  tracing  separately.  The  single  tracing  taken  with  odors 
as  stimuli  shows  the  same  general  effect  as  those  taken  dur- 
ing the  stimuliation  with  an  electric  current,  except  that  the 
results  are  even  more  marked.  In  both  cases  the  first  effect  of 
the  odor  was  to  increase  the  length  of  the  stimulation,  but  the 
second  effect  was  to  shorten  it  very  greatly. 

When  it  comes  to  a  consideration  of  the  effect  of  the  stimuli 
upon  attention  efficiency  it  is  evident  that  the  results  given  in 
the  Table  do  not  afford  a  direct  means  of  comparison.  The 
length  of  the  entire  wave  varies,  not  merely  the  length  of  one 
part.  It  occurred  to  us,  therefore,  that  the  ratio  of  the  period 
of  visibility  of  the  gray  rings  to  the  period  of  their  invisibility 
would  afford  a  direct  measure  of  the  attention  efficiency,  under 
the  varying  conditions.  The  results  were  tabulated  in  terms 
of  this  relation  and  the  results  for  all  subjects  are  shown  to- 
gether in  Table  II.  The  figures  show  the  quotients  obtained 
by  dividing  the  period  of  visibility  by  the  period  of  invisibility. 

It  will  be  seen  in  the  table  that  the  effect  upon  the  attention 
efficiency  is  just  as  marked  and  nearly  as  constant  as  was  the 
effect  upon  the  length  of  the  attention  wave.  In  every  tracing 
we  find  that  the  average  efficiencj'  of  the  attention  is  decreased 
during  the  electrical  stimulation  and  is  increased  during  the 
time  that  the  subject  smoked  except  in  the  case  of  No.  18. 
This  tracing  had  been  preceded  b}'  another  which  was  dis- 
carded because  the  pneumograph  had  been  drawn  tight  enough 
to  be  uncomfortable.  As  S.  had  been  smoking  during  a  part 
of  that  tracing  the  second  indulgence  might  be  expected  to  be 
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Table  II. 

Efficiency  of  Attention  Measured  in  Ratio  of  Visible  to 

Invisible  Period. 

(Subjects  S.,  E.  and  B.) 


S.  Su 

BJECT. 

E. 

Subject. 

B. 

Subject. 

C     . 

,  ■ 

^ 

a  . 

b« 

.-; 

2  " 

bo 

„• 

■2^ 

iU) 

^ 

.2  a 

n 

S 
o 

2o 

0 

a 
'0 
2 

0 

lit 

11) 
E 
0 

2Ji 

8 

125 

97 

13 

115 

123 

21 

236 

262 

II 

119 

187 

14 

150 

«7 

22 

214 

253 

12 

126 

204 

24 

I5« 

133 

23 

222 

284 

15 

I5« 

184 

25 

151 

i»3 

i6 

170 

147 



i8 

130 

73 

123 

19 

96 

81 

20 

100 

-{ 

El  92 
B^Si 

Ave. 

125 

102 

170 

Ave. 

143 

134 

Ave. 

223 

267 

1  Odor  of  Ether.        2  Odor  of  Balsam. 

less  pleasurable.  The  smoking  also  had  immediately  succeeded 
the  electrical  stimulation,  and  it  is  probable  that  there  had  not 
been  sufficient  time  allowed  for  complete  recover}'  from  that 
effect.  The  two  odors  also  show  a  reduction  of  attention  effi- 
cienc}^  but  again  the  observations  are  so  few  in  number  that 
they  can  be  regarded  only  as  confirmatory  in  character. 

The  results  from  E.  .show  variations  from  those  just  reported, 
and  are  on  the  whole  not  so  unambiguous.  The  results  as  re- 
gards the  length  of  the  waves  are  brought  together  in  Table 
III.  The  effect  upon  attention  efficiency  is  shown  in  Table  II 
above.  The  Table  itself  is  easily  understood  from  the  descrip- 
tions of  the  preceding  Tables. 

TABI.E  III. 

Duration  of  Attention   Waves. 

E.  Subject. 


Normal. 

With  Induction  Current. 

No.  and  Date. 

Visible. 

Not 
Visible. 

Total. 

Visible. 

14.6 
10.2 
18.9 
24-5 

Not 
Visible. 

Total. 

13  (Apr.  2) 

14  (Apr.  2) 

24  (May  7) 

25  (May  7) 

10. 1 
12.2 
19.4 
193 

8.8 

8.1 

12.3 

12.8 

18.9 
20.3 
31-7 

32.0 

II.9 
II. 7 
14-3 
13-4 

26.4 

21.8 

33-2 
38.0 

Ave. 

15-3 

10.5 

25.8 

17.I 

12.8 

30.0 
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It  will  be  seen  that  here  again  the  effect  of  the  electrical 
stimulu.s  is  well  marked  and  constant  but  that  it  is  in  the  op- 
posite direction  to  that  shown  by  S.  There  is  a  decided  length- 
ening of  the  wave  rather  than  a  shortening.  There  is  evident 
in  these  tracings  the  unusual  length  of  the  attention  waves 
that  Slaughter  found  for  the  same  subject.  If  we  accept  his 
conclusions  that  the  attention  waves  of  E.  are  related  to  a 
different  phj^siological  rhythm  it  would  be  easy  to  explain  the 
apparent  anomalies  in  the  results  as  compared  with  the  other 
persons.  There  are  also  anomalies  in  the  effect  of  the  stimula- 
tion upon  attention  efficiencies.  It  will  be  seen  that  in  two 
tracings  the  attention  eflficienc)^  is  considerably  increased,  while 
in  the  other  two  tracings  recorded  the  efficiency  is  very  mark- 
edly decreased.  These  anomalies  can  all  be  discussed  to  better 
advantage  after  we  have  considered  the  concomitant  effect  of 
the  current  upon  the  breathing  rhythm. 

Table  IV  gives  the  corresponding  results  for  B. 

Table  IV. 

Duration  of  Attejition   Waves. 

Reagent  B. 


No.  and  Date 
of 

Normal. 

With  Induction 
Current. 

After  Stimulation. 

Tracing. 

visible 

Not 
Visible 

Total 

visible  1, .Not 
Visible 

Total 

Visible'    .Not 
jVisible 

Total 

21  (May  3) 

22  (May  4) 

23  (May  4) 

6.0 
6.0 

2.1 
2.8 

2.7 

7.0 

8.8 
8.7 

5.2          2.0 

6.8  2.7 

7.9  2.8 

7.2' 

9-5 
10.7 

5-4 

2.8 

8.2 

Ave. 

5-6 

2-5 

8.1 

6.6     1    2.5 

9-1 

5-4 

2.8 

8.2 

Here  we  see  that  the  results  of  stimulation  are  again  marked, 
but  are  in  every  case  directly  opposed  to  those  noticed  in  S.  In 
.  each  the  wave  is  slowed  and  the  attention  efficiency  is  increased. 
The  only  explanation  to  be  offered  for  this  result  is  that  B.  is 
of  a  very  phlegmatic  temperament  and  in  perfect  health. 

In  general,  then,  we  find  that  stimulation  by  the  induction 
current  affected  S.  by  uniformly  quickening  the  rhythm  of  the 
attention  fluctuation  and  decreasing  the  efficiency  of  the  atten- 
tion, for  B.  it  just  as  uniformly  slowed  the  rhythm  and  in- 
creased the  efficiency,  while  for  E.  the  wave  was  uniformly 
lengthened,  but  the  efficiency  was  now  increased,  and  now  de- 
creased. Smoking  (a  pleasant  stimulus)  lengthened  the  waves 
and  increased  the  efficiency  of  the  attention  for  S.  The  others 
were  not  tested  for  pleasurable  reactions  as  neither  smoked 
and  no  definitely  pleasant  stimulus  suggested  itself.  The  gen- 
eral results  are  just  as  confused  as  have  been  the  results  of  re- 
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cent  investigations  upon  the  influence  of  pleasure  and  pain  upon 
the  volume  of  the  members. 

The  results  so  far  obtained,  both  from  the  definiteness  of 
the  fact  of  a  reaction  of  some  kind  and  the  great  divergence 
in  the  results  for  different  people,  suggested  that  it  might  be  of 
value  to  make  a  simultaneous  study  of  the  effects  of  these 
stimuli  upon  the  respiration.  The  respiration  was  chosen  be- 
cause of  the  ease  and  certainty  with  which  the  results  could  be 
obtained.  In  the  light  of  Slaughter's  results  it  would  have 
been  much  more  desirable  to  have  made  the  comparison  with 
the  Traube-Hering  waves,  but  the  uncertainty  of  their  appear- 
ance and  the  difiiculty  that  attaches  to  obtaining  a  good  ple- 
thysmographic  tracing  under  varying  stimulation  compelled  us 
to  let  that  go  over  to  another  time. 

During  this  later  series  of  experiments  the  respiration  was 
recorded  on  the  same  drum  as  the  attention  waves  by  means 
of  a  Fitz  pneumograph  and  a  Marey  tambour  that  wrote  par- 
allel to  the  one  that  recorded  the  attention  waves.  The  results 
show  in  most  cases  a  correspondence  between  the  effects  upon 
the  respirator}^  and  the  attention  rhythms. 

The  results  are  collected  in  Tables  V,  VI  and  VII  below. 

There  are  again  individual  differences,  so  that  each  subject 
must  be  discussed  separately.  For  S.  we  find  a  perfect  corre- 
spondence between  the  breathing  and  the  attention  waves.  The 
electric  stimulation  shortened  both,  while  smoking  lengthened 
both.  The  electrical  stimulus  had  an  opposed  effect  upon  res- 
piration and  attention  waves  for  the  other  two  subjects.  The 
breathing  is  quickened  while  the  attention  waves  are  slowed. 
This  would  not  seem  strange  in  the  case  of  E.,  for,  as  we  have 
seen,  her  attention  rhythm  is  undoubtedly  correlated  with  an 
entirely  different  ph5\siological  process  from  that  effective  for 
S.  and  B.,  but  for  B.  we  can  only  assume  that  a  stimulus  strong 
enough  to  shorten  the  breathing  waves  was  not  strong  enough 
to  more  than  slow  the  vaso- motor  or  attention  waves.  There 
is  another  series  of  complexities  that  arises  when  we  consider 
attention  efficiencies.  These  for  S.  and  B.  take  exactly  the 
same  course  as  the  length  of  the  waves,  but  for  E.  we  find  that 
in  one  case  the  attention  efficiency  is  increased  while  the  breath- 
ing rate  remains  practically  constant,  and  in  another  case  it  is 
decreased  when  the  respirator^' rhythm  is  lengthened,  although 
in  both  cases  the  rate  of  the  attention  waves  is  slowed.  This 
seems  to  indicate,  if  we  use  the  effect  upon  respiration  as  a 
measure,  that  the  first  stimulus  was  only  strong  enough  to 
facilitate  the  discharge  of  cortical  cells,  while  in  the  other  case 
it  impeded  the  discharge  of  the  cells  or  rendered  them  more 
liable  to  fatigue. 

Taking  all  our  results  together  and  in  connection  with  those 
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Table  V. 
Comparative  Effect  of  Stimuli  upon  Attention  and  Respiration. 

Subject  S. 


No. 

Stimulation. 

VlSIBtB 

NoN  Visible. 

Total 

Attention 

Period. 

Respiration. 

Efficiency. 

16 

Normal 

6.7 

3-9 

3-8 

170 

16 

Induction 

5-2 

3-8 

2.4 

136 

18 

Normal 

4.8 

3-7 

3-6 

130 

18 

Induction 

3-3 

4-5 

3-0 

73 

18 

Smoking 

6.1 

50 

6.5 

123 

19 

Normal 

6.3 

6.4 

5-2 

98 

19 

Induction 

3-8 

4.8 

3-9 

81 

20 

Normal 

6.7 

6.7 

6.9 

100 

20 

Ether 

5-0 

54 

3-8 

92 

20 

Balsam 

3-3 

4.1 

3-7 

81 

Table  VI. 

Effect  of  Stimulation  upon  Respiration  and  Attention    Waves. 

Subject  E. 


No. 

Conditions  of 

Visible 

Total 

Attention 

Experiment. 

Period. 

Respiration. 

Efficiency. 

24 

Normal 

19.4 

12.3 

5-7 

158 

24 

Induction 

18.I 

14-3 

3-1 

133 

25 

Normal 

19-3 

12.8 

3-7 

151 

25 

Induction 

24-5 

13-4 

3-7 

183 

Table  VII. 

Respiration   and  Attention 

Waves. 

Subject  B. 

No.  OF 

Conditions  of 

Not 

Total 

Attention 

Tracing. 

Experiment. 

Visible. 

Respiration. 

Efficiency. 

21 

Normal 

4.9 

2.1 

3-2 

236 

21 

Induction 

5.2                2.0 

2.8 

262 

22 

Normal 

6.0 

2.8 

3-5 

214 

22 

Induction 

6.8 

2.7 

31 

253 

23 

Normal 

6.0 

2.8 

4-3 

222 

23 

Induction 

7-9 

2.8 

2.7 

284 

23 

f  Alter  stimla-x 
\  tion  Ceased,  / 

5-4 

2.8 

2.9 

196 

obtained  by  Slaughter  on  the  effect  of  voluntary  exertion,  it 
would  seem  that  we  may  distinguish  four  different  effects  of 
stimulation  upon  attention  waves.  The  stimulus  at  a  certain 
intensity,  or  with  some  persons,  shortens  the  length  of  the 
waves  and  lessens  efficiency,  other  stimuli  or  the  same  stimuli 
with  other  subjects  lengthen  the  waves  and  increase  efficiency, 
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still  other  stimuli  or  the  same  stimuli  on  other  individuals 
lengthen  the  wave  and  decrease  the  efficienc}^  while  in  still  an- 
other case  (voluntary  effort)  the  waves  are  shortened  and  the 
attention  efficiency  increased.  In  the  light  of  these  contradictory 
results  it  would  seem  that  we  must  distinguish  carefully  be- 
tween the  two  different  aspects  of  the  attention  and  must  de- 
cide that  the  two  effects  are  not  due  to  the  same  agencies. 
If  we  should  consider  a  single  stimulus  in  its  varying  intensi- 
ties it  would  seem  that  the  first  influence  at  slight  intensities 
is  to  quicken  the  respiration,  to  lengthen  the  vaso- motor  waves 
and  to  render  the  attention  more  efficient.  With  a  slight  in- 
crease in  the  stimulus  the  vaso-motor  waves  are  shortened, 
while  the  attention  is  rendered  more  efficient.  With  a  yet 
greater  increase  in  the  intensity  of  the  stimulus  the  vaso-motor 
waves  are  shortened  and  the  attention  efficiency  decreased.  The 
respiration  rate  is  quickened  by  all  the  stimuli  that  we  used. 
This  series  would  account  for  all  of  the  results  except  two  trac- 
ings from  E. ,  and  as  we  have  noticed  repeatedly  these  might 
be  accounted  for  by  the  fact  that  her  attention  waves  are  of  a 
different  nature  from  those  of  the  other  subjects. 

Physiologically  it  would  be  verj'  easy  to  explain  the  differ- 
ent reactions  of  efficiency  and  length  of  wave  if  we  think  of  the 
reinforcement  from  the  medullary  centers  as  merely  marking  off 
the  rhythm  of  the  fluctuations,  while  the  variations  in  efficiency  of 
the  attention  are  explained  as  due  to  direct  facilitation  or  inhibi- 
tion of  cortical  activity.  Then  the  rate  would  be  influenced  by 
all  the  factors  that  affect  the  vaso-motor  rhj^thm  just  as  the 
heart  rate  or  respiration  rate  is  affected,  while  the  efficiency 
would  need  to  be  explained  as  due  to  a  direct  reinforcement  or 
inhibition  of  the  sensory  cells  as  on  the  motor  side  the  knee- 
jerk  is  affected  by  all  sensory  and  motor  impressions.  It  is 
easily  conceivable  that  a  stimulus  strong  enough  to  shorten 
the  rhythm  of  the  vaso-motor  center  would  merely  facilitate  the 
action  of  the  cortical  cells,  and  that  the  relative  susceptibility 
of  these  different  cells  would  vary  from  time  to  time  in  the 
same  individual  and  be  different  in  different  individuals. 

We  have  not  raised  the  question  as  to  whether  the  intensity 
of  the  stimulus  or  its  pleasantness  or  unpleasantness  is  respon- 
sible for  the  different  changes  that  we  notice,  and  our  results 
are  not  sufficient  to  decide  that  question.  We  can  at  least  as- 
sert that  the  feeling  tone  is  only  subsidiary,  for  we  find  that  a 
decidedly  unpleasant  stimulus  produces  the  same  effect  upon 
B.  that  a  definitel}'  pleasurable  one  has  upon  S.  These  and 
many  other  problems  are  suggested  by  our  results,  but  we  did 
not  have  time  to  go  into  them  sufficiently  to  furnish  a  basis  for 
discussion. 

If  we  turn  now  to  the  direct  bearing  of  our  results  upon  the  con- 
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trov'ersy  as  to  the  nature  and  origin  of  the  waves,  the  evidence 
is  much  clearer.  The  main  thing  in  this  connection  is  that  the 
waves  are  influenced  by  external  stimuli  in  ver}'  much  the  same 
way  that  the  rhythms  of  heart  and  respiration  are  influenced. 
The  direction  of  the  influence  and  the  nature  of  the  stimulus 
are  matters  of  very  slight  concern  from  this  point  of  view. 
There  is  as  much  regularity  in  the  effects  as  there  is  in  the 
effect  of  similar  stimuli  upon  either  of  the  physiological  rhythms 
or  upon  volume  changes  in  the  members. 

But  before  we  go  on  to  our  own  explanation  of  the  phe- 
nomena let  us  see  if  it  is  possible  to  explain  the  results  in  terms 
of  either  the  Miinsterberg^  or  the  Leipzig  theories.  First  as  to 
the  peripheral  explanation.  Is  there  any  likelihood  that  a 
rhythm  of  fatigue  and  recovery  in  the  muscles  of  accommoda- 
tion in  eye  or  ear  could  be  influenced  in  one  way  by  one  kind 
of  stimulus,  in  another  way  by  another?  There  can  of  course 
be  no  direct  effect  upon  the  muscles  in  question,  and  even 
assuming  that  a  muscle  has  a  rhythm  of  fatigue  and  recovery 
that  is  of  such  short  duration  that  it  is  very  diflScult  to  see  how 
it  could  be  affected  by  a  central  stimulus  in  the  ways  ob- 
served. Moreover,  if  there  were  direct  stimulation  we  should 
expect  it  to  show  uniformity  of  results.  As  the  action  must  be 
assumed  to  be  of  the  same  stimulus  upon  the  same  set  of  cells, 
the  results  from  different  individuals  and  at  different  times 
should  be  identical.  Were  the  peripheral  theory  not  already 
refuted  by  other  facts  it  could  offer  no  explanations  for  the 
phenomena  that  we  have  observed. 

A  very  similar  objection  would  hold  against  the  purely  cen- 
tral theory  of  Lange^  that  the  fluctuations  are  due  entirely  to 
changes  of  the  other  ideas  in  consciousness  at  the  time.  This 
would  go  far  towards  an  explanation  of  the  oscillations  in  reti- 
nal rivalry,  of  the  changing  interpretation  of  figures  in  am- 
biguous perspective,  and  of  the  direction  of  the  attention  in 
general,  but  there  is  nothing  at  all  in  the  ideas  to  account  for 
a  rhythm  of  any  kind.  If  we  lack  a  basis  for  an  explanation 
of  the  fact  of  rhythm,  we  all  the  more  lack  any  explanation 
of  the  changes  in  that  rhythm  under  the  influence  of  stimu- 
lation. 

The  simple  Lehmann^  theory  would  not  be  satisfactory  be- 
cause, in  the  first  place,  he  did  not  hit  upon  the  right  circula- 
tory rhythm  and,  in  the  second  place,  changes  in  blood  pressure 
alone  would  not  account  for  the  variations  in  the  efl5ciency,  as 
all  of  the  stimuli  used  would  produce  vaso-constriction  while 
we  see  that  they  now  reinforce,  now  weaken  the  attention. 

^  Beitrage  zur  exper.  Psychologie,  II,  pp.  69,  ff. 

2  Phil.  Stud.,  IV,  pp.  390,  ff.  spiiii.  Stud.,  IX,  pp.  66,  ff. 
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All  of  our  results  on  the  other  hand  become  intelligible  if  we 
accept  Slaughter's^  conclusions  that  the  rhythm  of  the  at- 
tention depends  upon  the  re-enforcement  of  the  cortical  centers 
b}'  the  intermittent  discharges  from  the  medullary  centers  and 
add  to  his  explanation  the  statement  that  the  general  tone  of 
central  activity  is  raised  or  lowered, — that  the  discharge  of  cor- 
tical cells  is  re-enforced  or  inhibited  by  the  action  of  external 
stimuli.  We  already  have  an  indication  of  the  effect  of  irrele- 
vant processes  to  re-enforce  the  attentive  processes  in  the  work 
of  Professor  Miinsterberg^  and  Miss  Hamlin^  on  distraction. 

One  interesting  subsidiary  result  of  the  work  in  correlating 
the  respiration  with  the  attention  wave  was  a  confirmation  of 
Lehmann's  result  that  the  changes  in  the  attention  tended  to  come 
near  the  beginning  of  inspiration.  Our  results  are  not  quite  so 
clean  cut  as  Lehmann's,  but  for  both  S.  and  B.  the  great 
majority  of  the  changes  come  either  during  or  just  after  inspi- 
ration. For  S.  83%  and  for  B.  74%  came  within  less  than  one- 
half  of  the  curve  following  the  beginning  of  inspiration.  For 
E.  again  the  results  are  not  clear,  but,  nevertheless,  rather 
more  than  half  of  the  changes  in  attention  fall  within  this  por- 
tion of  the  curve.  There  was  also  noticed  a  tendenc}'  for  the  at- 
tention waves  to  cover  even  numbers  of  respirations  over  consid- 
erable intervals  of  time.  Most  frequently  for  S.  two  respiratory 
periods  corresponded  to  one  period  of  visibilit}^  and  one  to  a  period 
of  invisibility.  This  changed  under  stimulation  to  one  respira- 
tory period  to  each  period  of  visibility  and  invisibility.  That 
there  should  be  some  such  more  or  less  definite  relation  follows 
as  a  corollary  from  the  fact  that  changes  tended "  to  occur  at 
definite  times  in  the  respiratory  rhythm.  Both  relations  are 
easily  understood  in  the  light  of  Slaughter's  conclusions  that 
the  attention  waves  are  due  to  overflows  from  the  medul- 
lary centers  to  the  central  nervous  system  in  general.  Although 
the  respiratory  wave  is  not  strong  enough  in  itself  to  overcome 
the  Traube-Hering  vaso-motor  wave,  it  nevertheless  asserts  it- 
self at  the  beginning  and  end  of  the  other.  If  the  most  active 
part  of  respiratory  activity  comes  just  before  the  longer  wave 
is  becoming  sufficiently  strong  to  bring  the  gray  ring  to  conscious- 
ness, it  will  assert  itself  and  make  the  impression  visible  before 
it  otherwise  would  appear,  and  in  the  same  way  if  the  vaso- 
motor impulse  is  waning  during  the  period  of  inspiration  the 
respiratory  re-enforcement  will  keep  the  rings  in  consciousness 
until  the  end  of  its  period  of  activity. 

These  facts  have  some  bearing  upon  the  phj^siological  nature 
of  the  vaso-motor  rhythm.     For  if  it  is  affected  in  one  way  by 

^  Atner.  Jour,  of  Psy.,  as  quoted. 

2  Psych.  Review,  I,  pp.  39,  ff. 

^  Amer.Jour.  of  Psych.,  VIII,  pp.  i,  ff. 
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the  Stimuli  while  the  respiration  is  affected  in  another  way^it 
can  hardly  be  regarded  as  originating  in  the  respiratory  center 
as  Hering  and  Mayer  have  suggested. 

Summary. 

1.  The  length  of  the  attention  waves  is  increased  by  stimuli 
of  slight  iutensit}^  diminished  by  stimuli  of  greater  intensity. 

2.  The  eflSciency  of  the  attention,  as  shown  by  the  ratio  of 
the  period  of  visibility  of  minimal  stimuli  to  the  period  of  in- 
visibility, is  increased  by  slight  stimulation  and  decreased  by 
more  intense  stimulation. 

3.  A  large  proportion  of  the  changes  in  the  attention  take 
place  during  or  just  after  inspiration. 

4.  The  results  of  the  experiments  as  a  whole  tend  to  confirm 
the  theory  that  the  attention  waves  are  due  to  overflow  eflFects 
from  the  vaso-motor  and  respiratory  centers  upon  the  cortical 
centers. 

Our  results  suggest  that  the  Traube-Hering  and  other  circu- 
latory rhythms  can  be  more  conveniently  studied  in  man  in  their 
secondary  form  as  attention  waves  than  directly  by  the  plethys- 
mograph. 


JOURNAI, — 5 


III. 

DOES  THE  SENSATION  OF  MOVEMENT  ORIGINATE 
IN  THE  JOINT? 


By  W.  B.  PiLLSBURY. 


Since  Goldscheider's  work  on  the  '  Muscle  Sense  '  there 
seems  to  be  very  general  agreement  that  the  joint  is  the  only 
or  by  far  the  most  important  source  of  the  sensations  that  in- 
form us  that  we  have  moved  the  members  of  the  body.  Almost 
no  question  has  been  raised  during  the  decade  that  has  elapsed 
as  to  the  absolute  completeness  and  exactness  of  his  results. 
During  the  last  few  years,  however,  the  conviction  has  been 
growing  upon  the  writer  that  some  of  this  work  needs  revision 
or  extension,  and  that  the  dominant  part  which  is  ascribed  to 
the  joint  in  the  complex  is  not  definitely  proved  to  be  deserved. 

Goldscheider's  analysis  of  the  sensations  received  during 
passive  movement  makes  it  consist  (i)  of  the  sensations  that 
arise  from  the  rubbing  of  articular  surfaces,  together  with 
wrinkling  of  the  capsule;  (2)  strain  upon  the  tendons  of  one 
set  of  muscles  and  relaxation  of  the  tendons  of  the  antagonists, 
and  (3)  change  in  the  form  of  the  muscles.  A  striking  diver- 
gence in  the  facts  of  consciousness  from  what  this  analysis  sug- 
gests is  seen  in  the  majority  of  subjects  who  work  with  the 
sensation  for  the  first  time  in  that  the  movement  seems  to  be 
noticed  first  in  the  wrist  or  fore-arm,  or  even  in  the  tips  of  the 
fingers.  A  possible  explanation  of  this  fact  in  terms  of  Gold- 
scheider's theory  might  be  offered  if  we  considered  the  sensa- 
tion in  the  wrist  merely  the  result  of  an  associative  projection 
of  the  joint  sensation  to  the  part  that  is  most  concerned  in 
the  movement.  This  would  bring  it  under  the  same  category 
as  the  projection  of  sensations  to  the  tip  of  the  pen  in  writing, 
or  to  the  end  of  the  cane  in  walking.  This  was  the  explanation 
that  was  offered  to  the  students,  and  that  for  some  time  seemed 
entirely  satisfactory.  On  one  occasion,  however,  it  was  sug- 
gested to  two  students  who  were  suspicious  about  this  explana- 
tion that  they  pass  an  induction  current  through  the  wrist  and 
see  if  it  had  any  effect.  It  was  suppo.sed  that  there  would  be 
no  effect  of  any  kind,  but  on  the  contrary  it  was  found  that 
there  followed  nearly  as  marked  a  decrease  in  sensibility  as 
when  the  current  was  passed  through  the  elbow  itself.  This 
observation  was  confirmed  on  several  subjects  and  with  several 
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successive  classes  until  there  seemed  to  be  no  longer  any  doubt 
that  it  would  be  profitable  to  work  over  the  field  again  in  spite 
of  the  general  acceptance  that  is  accorded  to  Goldscheider's 
conclusions. 

Experiments  were  begun  in  November,  1900,  and  continued 
until  the  following  January.  Mr.  Bair  (B.),  Mr.  Stevens  (S.) 
and  the  writer  (P.)  acted  as  subjects.  All  had  had  some  pre- 
vious psychological  training.  Experiments  were  made  upon 
the  elbow  and  knee  joints  only.  The  apparatus  used  was  the 
ordinary  passive  movement  apparatus,  a  hinged  board  to  sup- 
port the  arm  which  was  raised  by  a  cord  that  passed  over  a 
pulley  fixed  in  the  top  of  an  upright.  To  avoid  the  uneven- 
ness  in  speed  that  is  necessarily  connected  with  moving  the 
board  by  hand  we  arranged  to  lift  it  by  an  electric  motor.  The 
speed  of  the  motor  was  reduced  by  a  worm  gear  and  a  series  of 
pulleys.  An  ordinary  clutch  in  an  old  bit  of  shafting  served 
to  interrupt  the  movement  of  the  board  without  stopping  the 
motor.  The  connection  between  shafting  and  arm  board  was 
made  by  an  elastic  cord.  This  served  admirably  to  reduce  the 
jerk  at  starting.  The  slack  was  taken  up  gradually,  and  the 
movement  began  almost  imperceptibly.  When  once  started  the 
movement  was  at  a  constant  rate.  A  pointer  in  the  end  of  the 
arm  board  moved  over  a  millimeter  scale  on  the  upright  that 
supported  the  pulley  and  served  to  measure  the  amount  of  the 
movement  of  the  arm. 

In  the  first  series  of  experiments  the  subject  sat  with  the 
arm  upon  the  board,  with  the  elbow  joint  just  over  the  hinge, 
the  clutch  was  adjusted  to  start  the  board,  and  a  signal  was 
given  as  the  arm  began  to  rise.  This  time  for  giving  the  sig- 
nal was  adopted  after  several  trials  because  it  was  the  only 
one  that  permitted  a  constant  interval  to  elapse  between  the 
time  of  giving  the  signal  and  the  entrance  of  the  sensation  into 
consciousness.  It  could  not  be  given  when  the  clutch  was  ad- 
justed to  start  the  movement  because  it  was  impossible  to  keep 
the  amount  of  slack  to  be  taken  up  a  constant.  The  movement 
was  so  slow  (about  20'  per  second)  that  it  ordinarilj'  took 
about  two  seconds  for  the  movement  to  progress  far  enough  to 
be  noticed.  The  first  series  of  experiments  w^ere  taken  with 
the  arm  normal,  then  a  series  was  taken  with  the  induction 
current  passing  through  the  elbow,  a  third  with  the  current 
passing  through  the  wrist,  and  finally  several  series  with  both 
elbow  and  wrist  anaesthetic.  In  each  case  the  current  was 
passed  as  nearly  as  possible  directly  through  the  joint  to  be 
experimented  upon.     The  results  are  collected  in  Table  I. 

In  the  Table  the  first  pair  of  columns  gives  the  results  with 
the  normal  arm,  the  second  those  with  the  current  through  the 
elbow,  the  third  with  the  current  through  the  wrist,  and  the 
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Table  I. 


Sub- 
ject. 

Normal. 

Current  to 
Elbow. 

Current  to 
Wrist. 

Wrist  and 
Elbow. 

No. 

M. 

No. 

M. 

No. 

M. 

No. 

M. 

B. 
S. 
P. 

Il8 
163 
179 

33' 
51' 
26' 

81 

76 
68 

i°45' 
2^30' 
1°  50' 

70 
68 
68 

I''  28' 

1M3' 
2«      2' 

85 
76 

70 

2°     8' 

6°  27' 

2°  24' 

last  with  the  current  through  both  wrist  and  elbow.  The  first 
column  in  each  pair  gives  the  number  of  experiments,  the  sec- 
ond, the  average  just  noticeable  movement.  It  will  be  seen 
that  in  every  case  there  is  a  very  noticeable  diminution  in  the 
sensitivity  to  movement  at  the  elbow  when  the  current  is 
passed  through  the  wrist.  In  one  case  the  minimal  movement 
is  considerably  less  than  when  the  elbow  joint  is  anaesthetised; 
in  a  second  case  is  slightly  less,  and  in  a  third  case  is  slightly 
greater,  but  in  no  case  is  the  average  movement  necessary  to 
produce  a  sensation  less  than  twice  as  great  as  that  required  in 
the  normal  arm.  A  confirmation  of  the  result  is  found  in  the 
fourth  series  of  experiments  in  the  fact  that  when  the  cur- 
rent was  passed  through  both  joints  at  once  there  was  a  marked 
decrease  of  sensitivity  as  compared  with  either  of  the  other 
conditions.  Any  suspicion  that  these  results  may  be  due  to 
suggestion  or  may  be  artefacts  of  the  method  of  procedure  is  re- 
moved by  the  facts  that  the  sensitivit}'  decreased  constantly  as 
the  series  of  experiments  proceeded,  would  increase  again  if  for 
any  reason  the  experiment  was  resumed  after  temporary  inter- 
ruption with  the  current  cut  oflE,  and  that  the  anaesthesia  per- 
sisted with  diminishing  force  for  some  time  after  the  current 
had  stopped. 

The  same  series  of  experiments  was  repeated  with  the  knee 
joint.  In  these  experiments  a  very  similar  apparatus  was  used  as 
for  the  elbow.  The  board  used  was  long  enough  to  accommodate 
the  lower  leg,  the  subject  lay  face  down  upon  a  table  with  the 
knee-joint  just  over  the  hinge.  The  lower  leg  was  supported 
by  the  knee  and  the  toes  so  that  no  other  parts  were  in  contact 
with  the  apparatus.  The  position  was  uncomfortable,  and  it 
was,  therefore,  necessary  to  give  the  subjects  frequent  rests  to 
prevent  excessive  fatigue.  The  discomfort,  however,  would 
affect  all  results  in  the  same  degree,  and  so  would  not  detract 
from  the  relative  correctness  of  the  results.  The  differences 
are  also  too  large  and  too  constant  to  be  accounted  for  by  any 
error  of  this  kind. 

The  experiments  were  repeated  for  the  knee  in  very  much  the 
same  order  and  with  the  same  results  as  in  the  preceding  case. 
The  results  are  shown  in  Table  II  below. 
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Table  II. 
Movement  of  Knee  Joint. 
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Normal. 

Toe  ON 
Sponge. 

Current 

through 

Toe 

Knee. 

ANKLK. 

Knee 

AND 

Ankle. 

Sub- 
ject. 

N. 

M. 

N. 

M. 

N. 

M. 

N. 

M. 

N. 

M. 

N. 

M. 

B. 

S. 
P. 

128 

i°i5' 

I«27' 

59 

123 

1^18' 
41' 

85 
126 

150 

2«46' 

2°  46' 
2°  22' 

97 
115 
105 

2°     8' 
2°  46' 
2°  II' 

86 

3°   12' 

I«  18' 

Here,  too,  anaesthesia  of  the  joint  distal  to  the  one  moved 
had  a  marked  eflfect  in  decreasing  the  sensitivity  of  the  latter. 
The  results  are  again  usually  not  so  great  as  in  passing  the 
current  through  the  moved  joint,  but  are  not  so  very  different 
from  it.  In  the  one  case  in  which  the  two  joints  were  anaes- 
thetised at  the  same  time  there  is  again  a  marked  increase  over 
the  effect  upon  either  alone.  For  P.  and  S.  this  series  was  not 
taken  as  the  other  two  were  in  complete  agreement,  and  did 
not  seem  to  need  confirmation. 

Incidentally  in  the  series  with  S.  we  obtained  an  interesting 
comparison  of  the  sensitivit}-  of  the  skin  and  the  deeper  lying 
sense  organs.  S.  noticed  during  the  first  series  of  normal  experi- 
ments that  there  was  a  sensation  coming  from  the  skin  of  his 
toes,  and  feared  that  he  might  be  making  his  judgment  in 
terms  of  the  tactual  rather  than  of  the  kinaesthetic  sensations. 
When  the  experimenter  watched  carefully  it  was  seen  that  as 
the  member  was  raised  the  toes  were  forced  upward  along  the 
board  rubbing  the  skin  as  they  moved.  This  movement  at 
times  amounted  to  as  much  as  two  millimeters.  To  guard 
against  this  source  of  error  the  toe  was  first  placed  upon  a  dry 
sponge  which  moved  along  the  board  and  saved  the  toes,  which 
it  supported,  from  the  rubbing.  It  will  be  seen  in  the  second 
column  of  Table  II  that  the  only  result  of  this  arrangement 
was  actually  to  decrease  the  least  noticeable  movement.  Fear- 
ing that  there  might  still  be  some  sensation  from  the  skin  that 
enabled  the  judgment  to  be  made,  the  sponge  was  moistened 
and  connected  with  one  pole  of  the  induction  coil,  another 
electrode  was  placed  on  the  other  side  of  the  toes,  and  the  cur- 
rent passed  through.  It  will  be  seen  from  the  table  again  that 
the  result  under  these  conditions  gave  exactly  the  same  aver- 
age as  in  the  preceding  case.  The  sensation  from  the  skin,  then, 
has  apparently  absolutely  no  influence  upon  the  judgment. 
Under  these  conditions  the  limen  for  the  tactual  is  either  higher 
than  or  identical  with  the  limen  for  the  kinaesthetic  sensations. 
The  subject's  impression  that  the  judgment  was  in  terms  of  the 
skin  must  have  been  due   to  the  fact  that  the  board  was  not 
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stopped  quickly  enough  after  he  had  made  his  judgment  to 
prevent  overstepping  the  limen  for  the  tactual  sensations  as 
well  as  for  the  kinaesthetic,  and  the  distinction  between  the 
sensations  that  came  before  and  those  that  came  after  the  judg- 
ment could  not  be  clearly  drawn.  These  experiments  with  cur- 
rent through  the  toe  would  also  remove  any  possibility  of  the 
effect  of  the  induction  current  being  due  to  the  distracting  effect 
of  the  pain.  Here  we  find  the  same  strength  of  current  actuall}'- 
resulting  in  an  increased  rather  than  a  decreased  sensibility,  if 
we  are  to  draw  any  conclusion  at  all  from  differences  so  slight. 

The  experiments  upon  B.  had  already  been  made  before 
these  observations,  and  in  the  light  of  them  it  did  not  seem 
necessary  to  discard  the  earlier  ones.  The  experiments  on  P. 
were  all  made,  assuming  the  results  obtained  with  the  current 
through  the  toe  as  the  standard  of  reference. 

Our  results  then  go  to  show  very  definitelj'  that  the  sensi- 
bilit}-  to  movement  in  elbow  or  knee  is  decreased  nearly  as  much 
by  passing  a  current  through  the  ankle  or  wrist  as  by  passing  it 
through  the  joint  that  is  concerned.  Our  next  question  is  as 
to  how  this  fact  can  be  explained  in  the  light  of  what  we  know 
of  the  sensory  nerve  supply  of  the  different  parts,  and  how  they 
can  be  brought  into  harmonj'  with  the  results  of  Goldscheider 
in  the  same  field. 

It  seems  evident  at  once  that  the  conclusions  of  Goldscheider 
that  sensation  of  movement  is  mainly  due  to  the  excitation  of 
the  sensory  endings  in  the  joints  by  the  rubbing  of  joint  sur- 
faces cannot  be  accepted  without  further  investigation  and 
modification.  Certainly  the  nerves  at  the  elbow  are  not  likely 
to  be  rendered  less  sensitive  by  the  passage  of  the  current 
through  the  wrist,  and  on  his  premises  there  seems  no  possi- 
bility of  any  other  explanation. 

Let  us  turn  to  the  anatomical  facts  in  relation  to  the  distri- 
bution of  sensory  nerves  and  see  what  light  these  cast  upon  the 
subject.  The  undisputed  facts  as  to  endings  that  maj'  be  con- 
cerned is  first  that  there  are  highly  developed  sensory  endings 
thickly  scattered  in  the  tendons,  particularly^  in  the  zone  of 
transition  from  muscle  to  tendon  (Huber  and  DeWitt,^  Golgi,'* 
and  others),  that  there  are  sensory  endings  in  the  tissue  of  the 
muscle,  and  that  Pacini  corpuscles  are  found  embedded  in  adi- 
pose tissue  between  the  tendons  and  muscles,  and  are  particu- 
larly frequent  in  the  neighborhood  of  the  joints  (Rauber).' 

^A  Contribution  on  Nerve  Terminations  in  Neuro-tendinous  Organs: 
Jour,  of  Comp.  Neurology,  Vol.  XII,  pp.  159,  ff. 

'^  Sui  nervi  nei  tendini  dell  'uovio,  etc.  Memor.  della  R.  Accad.  delle 
Sc.  di  Torino;  Serie  II,  Tomo  XIII,  1880. 

^Untersuchungen  Ueber  das  Vorkommen  u.  Bedeutung  d.  Vater- 
schen  Korper,  Miinchen,  1865. 
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The  sensory  innervation  of  the  joint  is  not  so  definitely  made 
out  nor  so  free  from  disputed  points.  The  statement  so  fre- 
quently made  in  the  text-books  of  physiology  and  psychology 
that  the  joints  or  joint  surfaces  are  richly  supplied  with  sensory 
endings  seems  to  have  grown  out  of  Rauber's  discover)'  that 
there  were  Pacini  corpuscles  in  the  neighborhood  of  the  joints. 
This  statement  was,  apparently,  at  first  taken  to  mean  indefi- 
nitel)'  inside  or  outside  of  the  joint  capsule,  then  within  the 
capsule,  and,  finally,  on  the  joint  surfaces.  At  least  we  could 
nowhere  find  any  definite  statement  that  sensory  nerves  were 
found  on  those  surfaces,  and  where  an}'  authority  was  cited  for 
the  nerve  supply  of  the  joints  the  reference  was  to  Rauber. 
Goldscheider  gives  no  authority  for  his  statement,  and  says 
definitely:  '  Eine  anatomische  Untersuchung  der  Innervation 
der  Gelenkenden  ware  wiinschenswerth.'  Ivanhow^  found  sen- 
sory endings  in  the  fasciae  and  the  capsules  of  the  joints,  but 
this  seems  to  be  the  only  well  established  histological  evidence 
of  sensory  endings  in  the  joints  themselves. 

In  the  same  article  Goldscheider^  attempted  to  prove  physio- 
logically that  the  joint  surfaces  were  sensitive,  but  with  poor 
success.  He  exposed  the  joint  surfaces  in  frogs  and  rabbits, 
and  stimulated  them  by  pressure  and  heat,  in  the  hope  that  he 
might  excite  respiratory  reflexes.  His  results  were  of  a  nega- 
tive kind.  He  did  call  out  reflexes  when  the  bone  was  cut 
away  to  expose  the  marrow,  but  with  the  uninjured  joint  surfaces 
there  was  no  definite  response,  that  could  not  be  interpreted  as 
due  to  the  transmission  of  the  stimulation  to  the  periost  or 
to  the  marrow.  He  concludes,  "  Dass  die  Gelenkflache  selbst 
empfindlich  sei,  hat  durch  die  Yersuche  nicht  erwiesen  kon- 
nen,"  but  adds,  "  Aber  auch  ohue  dieselbe  darf  wohl  die 
Berichtigung,  die  Gelenkenden  als  Substrat  einer  Sensation 
anzusehen,  bereits  anerkannt  werden."  The  grounds  upon 
which  he  rests  this  conclusion  in  the  earlier  article  are:  first, the 
fact  that  the  sensitivity  is  reduced  by  passing  an  electric  cur- 
rent through  the  joints,  then  that  all  the  other  possible  sense 
organs  may  be  eliminated, — the  skin  because  a  superficial 
anaesthesia  does  not  diminish  the  sensitivity  to  movement; 
the  muscle  and  tendon  because  there  is  practicall}'  the  same 
limen  for  all  positions  of  the  limb  while  the  variations  in 
the  condition  of  the  muscle  must  take  place  more  rapidly  in 
one  position  than  in  another.  The  first  argument  we  are  pre- 
pared to  deal  with  later;  that  the  skin  does  not  serve  as  the 
organ,  may  pass  without  comment,  while  the  argument  that  it 

1  On  Nerve  Endings  in  the  Connective  Tissue  Capsules  and  fasciae 
of  mamalia  (Russian).    Dissertation,  Kasan,  1893. 

^Ueber  die  Empfindlichkeit  d.  Gelenkenden:  Gesamm.  Abhandlun- 
gen  II.  pp.  282,  ff. 
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is  neither  muscle  nor  tendon,  seems  to  have  taken  into  consider- 
ation only  the  flexors,  and  to  have  forgotten  the  extensors,  which 
would  be  affected  in  the  opposite  way  in  all  respects,  and  serve 
to  counteract  any  irregularities  to  be  expected  from  the  flexors 
alone,  and  also  to  have  overlooked  the  muscles  that  were  at- 
tached about  the  joint  which  do  not  serve  to  bend  it.  The  evi- 
dence in  favor  of  the  joint  surfaces  as  the  seat  of  the  sensation 
then  is  reduced  to  the  fact  that  the  sensitivity  of  the  joint  is 
reduced  when  the  current  is  passed  through  it. 

Our  results  cannot  easily  be  explained  in  terms  of  Gold- 
scheider's  hypotheses,  but  can  easily  be  brought  into  line  if  we 
assume  that  the  sensation  of  movement  originates  in  the  tendon 
organs  or  in  the  Pacinian  corpuscles  which  Rauber  described. 
This  becomes  clearer  from  a  glance  at  the  arrangement  of  mus- 
cles and  tendons  that  run  from  elbow  to  wrist,  and  from  knee  to 
ankle.  Many  of  the  large  muscles,  both  flexor  and  extensor, 
have  their  origin  above  the  elbow  on  the  lower  end  of  the 
humerus  and  their  insertions  at  the  lower  end  of  the  radius  or 
ulna,  in  the  metacarpi  or  even  in  the  phalanges  of  the  fingers. 
The  upper  tendons  of  all  these  muscles  cross  the  elbow  joint, 
and  the  low^er  tendons  are  thickly  gathered  together  at  the 
wrist.  Any  movement  of  the  arm  must  tend  to  relax  the  ten- 
sion on  one  set  of  muscles  and  tendons,  and  to  increase  that  on 
the  other  set.  Verj^  similar  relations  hold  for  the  lower  leg. 
The  sensations  that  are  produced  b}'  these  changes  in  tension 
would  come  from  about  the  elbow  and  knee  in  part,  but  also 
in  part  from  the  wrist  and  lower  forearm,  and  from  ankle  and 
lower  leg.  Anaesthesia  of  either  set  of  tendons  would  then  be 
expected  to  produce  a  decreased  sensitiveness  to  movement,  as 
we  found  in  our  experiments.  Furthermore,  we  should  expect 
that  the  current  through  the  elbow  and  knee  would  have  the 
more  marked  effect,  as  the  tendons  at  the  lower  ends  of  the 
muscles  begin  to  appear  well  up  on  the  forearm  and  lower  leg, 
and  so  a  smaller  portion  of  their  length  would  be  affected  by 
the  current,  and,  secondly,  the  tendons  at  the  insertions  of  the 
muscles  of  the  upper  arm  and  thigh,  biceps  and  triceps,  e.  g., 
would  be  affected  at  the  elbow  and  knee,  and  not  at  the  wrist 
or  ankle.  Another  set  of  organs  to  be  affected  are  the  Pacinian 
corpuscles  described  b}-  Rauber.  These  are  most  numerous 
about  the  joints,  and  any  change  in  the  tension  upon  the  mus- 
cles and  tendons  would  also  change  the  pressure  upon  them. 
Altogether,  then,  our  results  would  be  satisfactorily  and  com- 
pletely explained  on  the  assumption  that  it  is  the  tendon  and 
muscle  organs,  not  the  joint  surfaces,  that  are  the  source  of  the 
sensations  of  movement. 

If  it  is  still  insisted  that  the  joints  are  sensitive  and  originate 
the  sensation,  it  is  only  possible  to  explain  the  reduction  of 
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sensitivity  by  the  current  through  the  wrist  and  ankle  on  the 
assumption  that  the  muscles  and  tendons  acted  as  cords,  and 
that  the  displacement  at  the  elbow  or  knee  produced  an  in- 
crease or  decrease  in  the  pressure  of  joint  surface  upon  joint 
surface  at  the  wrist  and  ankle.  Even  if  the  joint  were  ex- 
tremely sensitive  it  is  hardly  conceivable  that  the  tendons  could 
transmit  sufl&cient  energy  to  produce  a  noticeable  effect  there 
without  exciting  the  delicate  sense  organs  in  their  tissue.  Par- 
ticularly would  this  be  the  case  if  we  consider  the  probability 
that  there  would  be  onl}'  a  change  in  the  disposition  of  the 
pressure  upon  the  surfaces  rather  than  a  change  in  the  amount 
of  the  pressure. 

Looked  at  from  every  side,  then,  it  seems  very  difficult  to 
avoid  the  conclusion  that  the  part  of  the  sensation  of  move- 
ment which  originates  in  the  wrist  is  due  to  stimulation  of  the 
tendon  organ.  If  we  are  forced  to  this  conclusion  in  the  one 
case,  it  certainly  seems  easier  in  the  light  of  the  doubt  that  sur- 
rounds the  innervation  of  the  joint  to  assume  that  the  sensa- 
tion from  the  elbow  is  also  a  tendinous  or  muscular  sensation 
rather  than  one  from  the  joint.  The  forces  that  stimulate  the 
lower  tendon  are  at  work  in  even  greater  degree  in  the  upper, 
and  they  are  alone  sufficient  to  account  for  the  known  effects. 
Any  bringing  in  of  joint  .sensation  would  at  the  least  be  en- 
tirely gratuitous.  What  part  the  sensory  endings  in  fasciae  and 
capsule  may  play  does  not  appear.  However,  from  the  fact  that 
thej'  are  relatively  less  developed  than  the  tendon  and  muscle 
organs,  and  that  they  are  probably  less  favorably  situated  for 
stimulation,  it  would  seem  probable  that  they  have  a  minor 
role. 

Summary. 

We  find  that  the  sensitivity  of  the  joints  is  decreased  by  in- 
duction currents  through  wrist  and  elbow  as  well  as  by  cur- 
rents through  the  joints  in  question.  This  fact,  together  with 
the  lack  of  anatomical  evidence  that  the  joints  have  sensory 
endings,  makes  it  probable  that  the  sensation  of  movement  is 
derived  mainly  from  the  tendon  and  muscle  rather  than,  as 
Goldscheider  thought,  from  the  joint. 


THE  EDUCABILITY  OF  THE  PERCH. 


By  Norman  Tripi^ett. 


The  material  here  presented  is  a  brief  summary  of  observa- 
tions made  in  the  spring  of  1899  on  the  psychic  life  of  fishes  in 
captivity.  Its  chief  interest  lies  in  its  being  a  modified  repeti- 
tion of  the  famous  experiment  of  Mobius  which  has  come  to 
be  regarded  by  some  as  one  of  the  fairj^  tales  of  science.  Bate- 
son's  account  of  the  experiment  is  as  follows:^ 

"  The  story  runs  that  pike,  having  lived  for  some  time  in 
a  tank  separated  by  a  glass  plate  from  another  in  which  small 
fish  were  living,  desisted  from  trying  to  catch  them,  and  on  the 
glass  plate  being  removed  never  attempted  to  do  so.  The  sug- 
gestion is  that  the  pike  had  come  to  believe  these  particular 
fish  to  be  under  special  protection." 

In  the  experiment  to  be  detailed  herein,  two  perch  {Perca 
Americana) ,  one  of  each  sex,  took  the  place  of  the  pike.  These 
fish  had  been  kept  in  the  laboratory  in  a  tank,  4x2x1^  feet 
in  size,  for  several  months  previous  to  the  test  given  below. 
During  all  this  time  their  only  food  had  consisted  of  live  min- 
nows two  or  three  inches  in  length.  On  beginning  the  experi- 
ment a  glass  partition  was  placed  in  the  tank  and  their  food 
changed  to  angleworms. 

Instead  of  permitting  the  minnows  to  remain  in  the  divided 
tank  as  JMobius  did,  I  simply  put  them  in  for  thirty  minutes, 
and  at  the  end  of  that  time  removed  them  again  and  gave  the 
perch  an  allowance  of  worms.  Experiments  were  made  in  this 
manner  three  times  a  week  for  nearly  a  month,  on  Mondays, 
Wednesdays  and  Fridays  between  the  hours  of  four  and  five 
o'clock  in  the  afternoon,  and  after  that  on  every  day  at  the 
same  hour.  In  all  experiments  after  the  very  first  the  observa- 
tions were  made  from  behind  a  screen  through  a  narrow  slit. 

The  notes  taken  on  the  various  occasions  would  tell  the  story 
most  completely,  but  to  avoid  unnecessary  repetition,  they 
have  been  condensed  in   the  description   following.     On  April 

1 W.  Bateson  :  The  Sense-Organs  and  Perceptions  of  Fishes, /<7«r«a/ 
of  the  Marine  Biological  Association,  N.  S.  1890,  I,  225-256  ;  see  espe- 
cially p.  243.  The  original  account  by  Mobius  in  the  Zeitschr.  Ge- 
sammt.  Naturzviss.,  XLII,  1873,  pp.  89-91,  has,  I  regret  to  say,  not 
been  accessible  to  me.  The  same  experiment  is  cited  by  Darwin  in 
the  Descent  of  Man,  pp.  75-76,  with  a  reference  Die  Bewegungen  der 
Thiere,  etc.,  1873,  p.  11. 
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2ist,  the  first  day,  I  note:  Two  minnows  were  placed  in  the 
tank  at  4.30  p.  m.  The  perch  immediately  began  ramming 
the  glass  to  get  at  them.  Their  actions  became  more  violent 
as  the  minnows  approached  the  partition.  They  ceased  their 
butting  and  swam  away  from  the  glass  for  a  few  seconds  after 
seven  minutes  of  continuous  effort.  A  second  trial  la.sting  one 
minute  followed,  and  this  was  followed  in  turn  by  still  shorter 
periods.  Greater  energy  was  shown  always  when  the  minnows 
turned  their  heads  toward  the  perch,  as  it  is  only  when  they 
are  "  head  on  "  that  the  latter  strike.  At  4.55  the  female  was 
showing  what  seemed  to  be  signs  of  anger,  and  was  striking 
the  glass  hard.  During  all  the  subsequent  trials  she  was  the 
more  persistent  of  the  two,  and  several  times  seemed  to  show 
signs  of  rage,  lashing  the  glass  partition  savagely.  By  five 
o'clock  both  perch  had  left  the  glass  and  seemed  to  have  given 
up  the  attempt  completely.  At  this  stage  the  minnows  were 
removed  and  the  perch  fed. 

At  the  next  trial  their  efforts  were  not  so  long  continued  nor 
so  violent  as  on  the  first  day,  and  the  further  history  of  this 
part  of  the  experiment  varies  but  little,  the  time  and  energy 
spent  at  the  glass  fluctuating  somewhat  from  day  to  day,  de- 
pending perhaps  in  some  degree  on  the  keenness  of  their  hun- 
ger. Their  efforts  on  Mondays  were  noticeabh'  more  deter- 
mined than  on  Wednesdays  and  Fridays,  because,  it  would 
seem,  of  the  added  day's  fast.  They  never  failed  to  try  for  the 
minnows  to  some  extent,  especially  during  the  first  half  of  the 
thirty  minute  period,  but  with  waning  energy  and  persistence. 
In  this  manner  the  trials  proceeded  for  a  month.  On  May  22nd 
I  note:  They  pay  no  attention  to  the  minnow  till  some  time 
after  I  have  placed  myself  behind  the  screen.  They  are  less 
demonstrative  than  on  any  previous  Monday. 

I  now  determined  to  admit  the  minnow,  and  after  the  appe- 
tite of  the  perch  had  been  dulled  a  very  little  with  worms,  the 
partition  was  removed.  The  minnow  swam  around  with  the 
■perch,  over  and  between  them.  Having  lost  its  own  mate,  it 
perhaps  sought  companionship.  The  male  paid  not  the  slight- 
est attention  to  it.  The  female,  whose  persistence  at  the  glass 
has  been  noted,  moved  toward  it  several  times,  but  whether 
from  curiosity  or  with  hostile  intent  could  not  be  determined.  She 
did  it  no  harm  however.  On  succeeding  days  the  minnow  was 
admitted  in  the  same  way,  and  the  actions  of  the  perch  toward 
it  were  closely  observed.  On  the  second  occasion  they  had 
been  fed  little  and  were  still  hungry.  The  minnow  hovered 
near  them  as  if  for  companionship,  but  all  the  time  was  a  little 
wary.  Several  times  they  started  to  stalk  it,  but  when  within 
a  short  distance  of  its  head  would  turn  aside,  the  impulse  being 
plainly  inhibited  in  the  face  of  repeated  opportunity.     In  the 
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subsequent  trials  the  perch  were  unfed.  Their  action,  never- 
theless, was  always  much  as  has  been  indicated.  Sometimes 
they  would  swim  around  the  aquarium  apparently  quite  indiffer- 
ent to  the  minnow,  which  accompanied  them,  but  the  sight  of 
it  moving  in  front  of  them  would  often  stimulate  the  truncated 
attack  already  described. 

The  form  of  the  experiment  was  now  somewhat  changed,  be- 
ing performed  as  nearly  as  possible  after  the  manner  of  Mobius. 
The  minnows,  the  one  used  before  and  a  new  one,  were  left 
for  a  week  in  the  tank,  separated  from  the  perch  by  the  glass. 
The  latter  ceased  almost  entirely  to  touch  the  glass,  although 
quite  frequently  they  took  a  position  near  it  and  watched  the 
minnows  playing  on  the  other  side  within  two  or  three  inches 
of  them.  Their  conduct  when  the  partition  was  removed  was 
exactly  similar  to  that  in  the  previous  experiments. 

Bateson,  in  the  article  above  mentioned,  suggests  that  the 
result  of  the  experiment  of  Mobius  may  have  been  wrongly  in- 
terpreted, and  that  "  the  explanation  should  be  referred  to  that 
paradoxical  instinct  which  is  widely  developed  among  animals 
of  many  kinds,  in  obedience  to  which  they  occasionally  do  not 
eat  or  molest  those  with  whom  they  are  constantly  associated.  It 
is,  of  course,  this  unexplained  instinct  upon  which  the  '  happy 
family  '  of  the  travelling  showman  is  constructed."  In  the  case 
of  these  perch,  however,  the  ' '  happy  family  ' '  theory  will 
hardly  serve.  The  perch's  whole  attitude  is  expressive  of  a 
desire  to  catch  the  minnow,  a  task  which  has  come,  however, 
to  be  regarded  as  hopeless.  Such  an  explanation  is  also  made 
less  plausible  by  the  fact  that  different  minnows  of  different 
size  were  tried  in  the  course  of  the  experiment.  And,  indeed, 
habituation  by  constant  association  is  hardly  to  be  considered 
here;  for  the  minnow,  at  least  in  the  first  series  of  experiments, 
was  exposed  to  the  sight  of  the  perch  but  a  short  time  each 
day,  and  at  the  period  of  greatest  hunger,  which  furnishes  in 
itself  the  strongest  possible  stimulus,  not  to  the  production  of 
feelings  of  friendliness,  but  to  the  calling  forth  of  savage  instincts. 
That  they  were  acting  under  the  suggestion  of  their  previous 
failures  seems,  in  the  light  of  the  facts  observed,  the  most 
reasonable  explanation.  The  following  incident  is  confirmatory 
of  this.  Toward  the  close  of  the  work,  when  the  perch  had 
ceased  to  bump  the  glass  in  their  efforts  to  reach  the  minnows, 
some  angleworms  were  thrown  into  the  tank  on  the  side  of  the 
partition  opposite  the  perch  and  lay  squirming  on  the  floor. 
The  fish  dashed  violently  against  the  partition  in  their  effort  to 
reach  them,  and  beat  the  glass  energetically  for  some  time. 

Their  behavior  in  the  presence  of  p.  strong  suggestion,  coun- 
ter to  their  newly  acquired  habit,  also  militates  against  the 
view  offered  by  Bateson.     About  the  end  of  the  third  week, 
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while  attempting  to  remove  one  of  the  minnows  from  the  aqua- 
rium, it  slipped  through  a  crevice  at  one  end  of  the  partition 
into  the  part  occupied  by  the  perch,  and  dashing  directly  to- 
ward them  in  its  flight  was  snapped  up  like  a  flash.  The  rapid- 
ity of  its  movement  was  probabh'  the  prime  incentive,  and 
called  out  the  normal  tendency  to  strike,  before  the  later  ac- 
quired inhibition  could  come  into  action.  This  minnow,  or  its 
mate,  had  gained  entrance  to  the  perch  in  the  same  way  a  few 
days  previousl}',  but  in  this  case  in  a  less  exciting  manner.  The 
perch,  aside  from  the  female's  nudging  its  tail  twice,  paid  no 
attention  to  it,  although  it  swam  around  them  and  under  their 
very  noses. 

The  restraining  influence  under  which  they  were  acting  was 
again  broken  a  few  daj^s  later.     Circumstances  made  necessary 
the  omission  of  the  test  till  two  days  after  the  regular  period 
had  passed.     They  were  therefore  wild  with  hunger  and  the 
opportunity   for  observing  a   conflict  of  impulses  was  of  the 
best.      The  minnow  was  admitted,    and  at  first  was  treated 
much  as  on  other  occasions.     After  a   few  moments,  however, 
being  evidently  impelled  by  hunger,  the  perch  became  more 
demonstrative  toward  it,  but  restrained  themselves  from  strik- 
ing, so  long  as  it  quietly   avoided   them.     Finally,  however, 
being  followed  into  a  corner,  it  made  a   quick  dart  to  escape, 
and   this  was   apparently  all   that  was   required   to  wake   the 
sleeping  instinct,  and  a  savage  chase  began  which  must  have 
ended  fatally  to  the  minnow,  had  I  not  separated  them.     The 
perch  were  thoroughly  aroused  and  all  effect  of  their  training 
seemed,  for  the  time  being,  to  be  lost.     A  few  more  bumps  at 
the  glass  during  succeeding  trials,  however,  restored  the  inhi- 
bition, and  the  final  test  made  a  little  later  showed  it  to  be  quite 
firmly  impressed  upon  them.  The  minnows  were  removed  from 
the  sight  of  the  perch  for  five  days.     To  ascertain  whether  any 
effect  of  the  training  yet  remained,  they  were  then  put  directly 
into  the  compartment  with  the  perch  which  had  eaten  nothing 
for  two  days.     It  was  plain  to  the  observers  that  the  behavior 
of  the  latter  had  been  greatly  modified  by  the  course  of  educa- 
tion to  which  they  had  been  subjected.     The  first  minnow  put 
in  soon  attracted  their  attention.     Their  interest   increased  as 
they  followed  it  about,  and   the  female  began  to  strike  at  it 
with  growing  boldness,  and  getting  it  into  a  corner  finally  se- 
cured it.     The  second  minnow  was  greatly  desired  by    the 
male,   but  he  seemed  utterly  inefl&cient.     He  would  trail  it 
around  and  at  times  make  feeble  darts  at  it  and  then  give  up 
the  attempt  for  the  moment.   In  this  way  he  was  seen  to  nag  it 
for  nearly  an  hour.   On  returning  to  the  tank  after  five  hours  the 
minnow  was  found  swimming  near  the  perch  entirely  unmolested. 
The  male's  experience  had  apparently  so  far  inhibited  his  natural 
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reaction  that  he  had  ceased  to  try.  As  Paulsen  remarks  of  the 
pike  in  Mobius's  experiment, "  he  had  manifestly  made  a  law  of 
nature  for  himself."  A  strike  at  the  minnow  had  come  to  mean 
a  bump  on  the  nose  for  him. 

In  regard  also  to  the  general  educability  of  fishes  my  observa- 
tions are  at  variance  with  those  of  Bateson.  He  says  with  regard 
to  the  persistence  with  which  the  fish  in  the  tanks  of  the  Marine 
Biological  Associon  beat  the  glass,  and  their  slowness  to  profit 
b}""  experience  or  to  form  associations:  "  None  of  the  fish  seem 
to  get  any  lasting  appreciation  of  the  nature  of  the  plate  glass 
wall  of  the  tank.  The  same  fish  will  again  and  again  knock 
the  head  against  the  glass  in  trying  to  seize  objects  moving  on 
the  other  side.  After  repeated  attempts  to  take  food  on  the 
other  side  of  the  glass  they  will  desist,  but  some  of  the  oldest 
inhabitants  (plaice,  pollock  and  bream)  which  have  been  liv- 
ing in  the  aquarium  for  about  a  year,  will  perseveringly  try 
again  the  next  time. ' '  This  was  not  the  case  with  the  perch 
under  discussion.  While  these  fish  did  not  entirely  cease  strik- 
ing the  glass  during  the  time  when  the  trials  were  but  thirty 
minutes  long,  their  attempts  grew  verj'  much  more  infrequent 
and  their  blows  feebler.  Later  in  the  changed  form  of  the  ex- 
periment, becoming  accustomed  to  the  sight  of  the  minnows, 
they  gave  up  striking  the  glass,  merely  continuing  to  watch 
them.  This,  in  connection  with  their  conduct  toward  the  min- 
nows when  the  glass  was  removed,  suggests  that  they  have  at 
least  a  strong  temporary  appreciation  of  the  obstacle. 

Another  proof  that  they  had  formed  a  firm  association  with 
regard  to  it  may  be  taken  from  the  notes.  On  April  21st  the 
partition  which  had  been  in  position  for  several  days  was  re- 
moved and  the  perch  driven  toward  the  place  previousl3^  occu- 
pied by  it.  On  reaching  it  they  stopped  and  turned  back.  "On 
May  4th,  glass  removed  in  order  to  clean  tank,  but  waited  to 
see  if  fish  would  cross  the  line.  The  male  swam  out  to  the 
place,  stopped,  made  little  bumps  forward  as  if  expecting  to 
strike  the  usual  obstruction,  and  was  plainly  at  a  loss.  He 
then  turned  and  swam  down  as  if  follovv'ing  the  glass."  Ten 
days  later  with  the  same  conditions  they  swam  out  to  the  mark 
several  times,  then  turned  and  swam  back.  So  on  a  later  occa- 
sion when  the  glass  was  taken  out  they  turned  three  times  at 
the  mark,  but  finally  crossed  in  a  hesitating  manner. 

During  the  period  in  which  they  had  lived  on  minnows  the 
perch  remained  indiflferent  to  man,  but  when  their  diet  was 
changed  to  angleworms  they  began  to  take  such  a  deep  inter- 
est in  the  experimenter  that  it  was  necessary  to  use  a  screen  in 
the  trials.  This  added  considerable  interest  to  the  stud}^  es- 
pecially as  regards  their  memorj-  and  time  sense.  After  releas- 
ing the  minnows  the  experimenter  took  his  place  behind  the 
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screen,  viewing  the  movements  of  the  fish  through  a  narrow 
slit,  and  they  saw  nothing  of  him  for  thirty  minutes.  During 
this  period,  however,  he  was  not  forgotten.  The  first  half  of 
the  time  was  pretty  fairly  divided  between  the  minnow  and  the 
screen.  As  shown  by  my  notes  a  marked  change  took  place 
in  the  last  half  of  the  half  hour  period.  They  spent  a  larger 
and  larger  portion  of  the  time  gazing  out  toward  the  screen. 
Circling  the  tank  rapidly  a  few  times  with  growing  excitement 
they  would  return  to  the  spot,  snapping  their  jaw^s  and 
flirting  their  tails,  till  toward  the  close  of  the  period  they 
had  attention  for  little  else  than  the  appearance  of  the  man  be- 
hind the  screen.  The  time  sense  here  exhibited  is  probably  in 
large  part  a  feeding-time  sense;  they  remembered  with  their 
stomachs.  The  rhythmic  recurrence  of  internal  sensations  due 
to  a  regular  feeding  time  may  well  account  for  the  form  of 
memory  here  involved. 

The  same  hunger  memory  might  possibly  help  to  explain 
the  stories  of  fish  coming  regularly  at  the  sound  of  a  bell  to  be 
fed.  Bateson  found,  in  the  study  before  referred  to,  that  most 
fish  hear  little  or  nothing  of  sounds  in  the  air,  but  are  afiected 
by  vibrations  of  the  water  and  earth  near  it.  The  subject  has 
also  been  carefully  studied  bj-  Kreidl^  and  by  Lee,^  whose  ex- 
periments are  in  agreement  with  his.  Lee  thus  summarizes  the 
case  as  presented  in  Kreidl's  second  paper:  "  Kreidl  explodes 
the  oft  repeated  tale  of  hearing  by  fishes  that  come  for  their 
food  at  the  sound  of  a  bell,  by  investigating  carefully  the  action 
of  trout  at  the  famous  old  Benedictine  monastery  in  Krems, 
Austria.  He  proved  that  the  fishes  come  because  they  see  the 
man  who  brings  the  food,  and  appreciate  the  vibrations  of  the 
water  caused  by  his  step  and  communicated  through  the  stone 
basin;  and  that,  when  these  are  excluded,  the  sounds  of  the 
bell  have  no  effect."  The  weight  of  recent  authorities  is  thus 
against  the  existence  in  fishes  of  an  auditory  sense  in  the  usual 
meaning  of  the  term.  My  own  observations,  though  not  of  a 
character  to  support  an  opposite  conclusion,  seem  to  me  to 
require  for  their  explanation  the  existence  of  a  "sense  of  jar  " 
of  a  delicacy  at  least  equal  to  that  of  hearing.  I  made  it  a 
practice  to  whistle  loudly  while  feeding  the  fish,  and  often  while 
behind  the  screen  I  would  use  the  whistle  in  the  same  manner. 
Very  often  at  such  times  they  would  come  directly  to  the  side 
and  look  eagerly  at  the  screen.  Often  they  would  turn  only 
slightly  in  my  direction;  and  in  a  very  few  cases  they  paid  little 

1  Kreidl :  Ueber  die  Perception  der  Schallwellen  bei  den  Fischen, 
PflUger's  Archiv  fur  Physiologie,  Bd.  LXI,  p.  450,  also  Bb.  LXIII,  p. 
581. 

^  Ivee  :  The  Functions  of  the  Ear  and  the  L/ateral  Line  in  Fishes, 
American  Journal  of  Physiology,  I,  1898,  128-144. 
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or  no  attention.  Some  gold  fish  in  the  laboratory,  however, 
hardly  ever  failed  to  come  at  the  sound  of  the  whistle,  espe- 
cially if  hungry.  In  regard  to  the  fish  feeding  stories,  it  must 
be  agreed,  however,  that  the  sight  of  the  man  ringing  the  bell 
is  the  chief  factor. 

Belonging  to  the  group  of  fishes  that  find  their  food  by  sight, 
the  perch  possess  great  keenness  of  vision.  They  are  so  highly 
reflex,  also,  that  the  least  visual  perception  of  motion  puts 
them  into  action.  Two  bright  buttons  kept  in  oscillation  by 
the  incoming  water  were  a  constant  source  of  attraction  to 
them.  The  swaying  objects  when  caught  in  indirect  vision 
seemed  never  to  fail  of  bringing  them  to  attention.  Of  course 
the  trolling  hook,  with  its  revolving  spoon  of  bright  metal,  de- 
pends for  its  efficienc}^  on  this  deep  seated  interest  in  bright 
and  moving  objects. 

These  fish  are  very  imitative,  a  movement  in  one  almost 
surely  producing  a  similar  movement  in  the  other.  This  trait 
is  probably  due  to  their  primitive  shoal  life,  where  it  was  nec- 
essary to  follow  the  crowd  or  fall  a  victim  to  the  host  of  enemies 
on  the  outskirts. 

To  test  their  power  of  discrimination  a  species  of  wireworm 
•was  dropped  into  the  tank  alternately  with  small  angleworms 
broken  to  the  same  length.  The  difference  to  sight  was  very 
small  indeed.  On  one  occasion  when  five  were  thus  given,  the 
first  three  were  taken  into  the  mouth  and  then  rejected.  The 
remaining  two  were  permitted  to  sink  to  the  bottom  untouched. 
In  subsequent  trials  the  first  wireworm  has  generally  been  taken 
into  the  mouth  and  the  others  neglected,  the  discrimination 
perhaps  being  aided  by  taste  or  possibly  by  the  sense  of  touch 
in  the  mouth.  The  fish  seemed,  however,  to  make  no  fully 
permanent  associations,  but  always  to  test  the  possibilities  of 
such  an  object  falling  through  the  water. 
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I — On  the  stauza  forms  of  nursery  rhymes. 

II — An  experimental  study  of  the  rhythms  of  nursery  rhymes. 
Ill— College  yells. 

IV — A  brief  collection  of  common  rhj-thms  with  words  that  have 
been  fitted  to  them. 

I.     On  the  Stanza  Forms  of  Nursery  Rhymes. 

In  attempting  to  recall  a  forgotten  phrase  or  stanza  it  is  by- 
no  means  uncommon  to  recapture  the  ' '  sound  "  or  "  lilt ' '  of 
it,  while  the  words  escape;  we  recall  the  form  or  plan  of  the 
phrase,  but  not  the  filling  in.  At  other  times,  as  in  listening 
to  a  conversation  indistinctly  heard,  e.  g.,  by  telephone, we  are 
able,  from  the  familiar  cadence  of  the  sounds,  few  of  which  are 
distinct  enough  to  be  fully  recognized,  to  reconstruct  the  phrases 
which  we  can  hardly  be  said  to  hear.  To  such  groups  of  re- 
lated sounds  and  others  similar,  considered  merely  as  sounds, 
we  may  give  the  name  of  auditory  forms. 

Auditory  forms  bear  the  same  relation  to  the  things  of  the 
auditory  world — phrases  of  speech,  city  noises,  cries  of  animals 
and  the  like — as  the  figures  of  bodies  bear  to  the  things  of  the 
visual  and  tactual  worlds.  An  ivy  leaf  or  the  new  moon  is  not 
more  characteristic  and  easily  recognizable  in  its  visual  form 
than  the  crowing  of  a  cock  or  the  hoof-beat  of  a  galloping 
horse  in  its  auditory  form.  Visual  form  means  certain  fixed 
associations  of  visual,  tactual  and  kinaesthetic  sensations  ; 
auditory  form  certain  fixed  associations  of  auditory  and 
kinsesthetic  sensations.  In  both  cases  the  form  pure  and 
simple  is  the  result  of  a  certain  degree  of  abstraction  (not 
necessarily  conscious) ;  the  color  and  material  of  a  pebble  are 
neglected  when  its  roundness  is  considered,  and  in  the  same 
way  the  words  and  meaning  of  a  phrase  are  neglected  when  its 
rhythm  is  regarded.  Furthermore,  as  there  are  in  the  visual 
world  objects  of  the  most  varied  form,  some  irregular,  like 
clods  and  rock  masses,  others  with  regularity  of  plan,  like 
flowers  and  fruits,  and  finally,  objects  of  human  construction 
showing  the  regular  geometrical  figures,  so  there  are  in  the  audi- 
tory world  forms  of  considerable  irregularity,  like  those  of  prose 
speech,  others  of  approximate  regularity,  like  lines  of  poetry 
Journai, — 6 
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and  phrases  of  music,  and  still  others  of  complete  regularity, 
like  the  ticking  of  a  clock  or  the  artificially  grouped  sounds  of 
the  laboratory  experiments  on  rhythm, — these  last  fairly  com- 
parable to  the  geometrical  figures — the  regular  chronometrical 
figures  as  thej^  might  be  called. 

It  is  the  purpose  of  the  following  studies  to  present  certain 
observations  and  experiments  with  reference  to  auditory  forms 
of  the  more  regular  sorts,  and  of  this  section  and  the  next  to 
consider  the  stanza  forms  or  ' '  metrical  patterns  ' '  of  nursery 
rhymes. 

These  rhymes  offer  a  natural  approach  to  the  study  of  poeti- 
cal rhythm  and  meter  in  general.  They  are  in  the  highest  de- 
gree rhythmical,  almost  everything  else  being  sacrificed  to  that, 
and  they  are  simple,  as  they  must  be  to  suit  the  tastes  and 
comprehension  of  little  children.  They  owe  their  origin,  of 
course,  to  the  natural  responsiveness  of  children  to  rhythmic 
sounds  and  movements.  Some  are  clearly  motion  songs.  The 
regular  movements  used  for  lulling  the  child  to  sleep  or  those 
of  marching  have  furnished  a  framework  which  has  later  been 
given  a  verbal  covering,  and  rhythmic  movements  are  still  a 
frequent  accompaniment  of  some  of  them.  Others  seem  to  have 
started  in  the  mere  repetition  of  a  single  word,  as  "Peter, 
Peter,"  or  a  common  phrase  as  "  There  was  an  old  woman," 
or  "  There  was  a  little  man."  The  rhythm  thus  set  was  car- 
ried on  as  words  offered  and  fancy  suggested  till  a  full  stanza 
was  formed,  crude  at  first  perhaps,  but  improving  wdth  time 
and  as  the  rhyme  passed  from  mouth  to  mouth.  Still  others 
have  had  a  definite  history  and  have  entered  nursery  literature 
from  popular  \'erse  at  various  times.  Manj^  have  the  irregu- 
larity of  all  natural  and  spontaneous  products,  and  take 
liberties  in  the  matter  of  accent  and  pronunciation  that  would 
hardly  be  tolerated  in  more  formal  verse,  yet  the  diflSculties  thus 
introduced  are  not  very  serious.  For  present  purposes  they 
may  be  entirely  neglected,  for  in  the  more  familiar  rhymes,  at 
least,  they  affect  the  foot  structure  rather  than  the  stanza  forms. 

The  rhymes  that  have  formed  the  basis  of  this  study  are  the 
one  hundred  generality  familiar  ones  collected  by  one  of  us  in 
answer  to  a  request  addressed  to  a  large  number  of  persons  for 
a  list  of  ten  rhymes  each — if  possible  the  first  ten  coming  to 
mind.^ 

The  most  frequent  stanza  form  in  this  list  is  that  of  four 
lines  of  four  stresses  each,  for  example, 

Georgie,  porgie,  pudding  aind  pie  ; 
Kissed  the  girls  and  made  them  cry. 
When  the  boys  came  out  to  play, 
Georgie  porgie  ran  a->vay. 

^Triplett:  A  Census  of  Nursery  Rhymes,  Journal  of  Pedagogy, 
April,  1901. 
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In  nearly  all  cases  the  lines  rhyme  in  couplets  as  in  this  exam- 
ple, showing  the  close  relation  of  this  stanza  pattern  to  the 
simpler  pattern  of  the  couplet.  The  couplet  is  itself  not  un- 
common, either  standing  alone  or  repeated  as  the  stanza  unit 
of  longer  rhymes,  as  for  example, 

Needles  and  pins,  needles  and  pins  ! 
When  a  man  marries,  his  trouble  begins. 

and 

"  Where  are  3'ou  going,  my  pretty  maid  ? 
"  I'm  going  a  milking,  sir,"  she  said. 

"  May  I  go  with  you,  my  pretty  maid  ?" 

"  Yes,  if  you  please,  kind  sir,"  she  said,  etc.,  etc. 

The  4-stress  line,  especially  in  couplets,  is  very  ancient  in 
English  poetry,^  and  is  based  on  what  appears  to  be  a  very 
natural  grouping  for  sounds  of  moderate  frequency.^  The  sim- 
plest possible  rhythmic  structure  is  undoubtedly  the  grouping 
of  stresses  by  twos,  and  of  2-stress  lines  there  are  a  few  exam- 
ples among  the  nursery  rhymes, — for  example, 

One,  two  ; 
Buckle  my  shoe, 
etc.,  etc. 

The  next  stage,  antedating  (one  may  conjecture)  any  attempt 
at  a  3-stress  line,  is  the  line  of  two  twos,  or  the  4-stress  line. 
These  united  in  the  simplest  possible  way  gives  the  couplet, 
the  fundamental  pattern  of  this  group,  and  a  pair  of  couplets 
the  most  frequent  stanza  of  the  nursery  rhymes.  The  stanza 
of  four  4-stress  lines,  rhyming  in  couplets  or  otherwise  is  also 
a  very  common  one  in  lyric  poetry  generally.  In  hymnology 
it  occurs  as  the  long  meter  stanza  (iambic)  and  as  the  four 
line  stanza  of  7's  (trochaic),  both  extremely  common  h3^mn 
stanzas. 

Another  numerous  group  is  that  in  which  the  stanza  con- 
sists of  two  4-stress  lines  (the  first  and  third)  and  two  3-stress 
lines  (the  second  and  fourth),  or,  as  it  might  as  properly  be 
written  in  most  cases,  of  a  couplet  of  y-stress  lines  or  septi- 
naries.^  Of  these  there  are  two  varieties,  one  in  which  the 
4-stress  lines  are  broken  by  internal  rhyme,  and  one  in  which 
they  are  not.     As  an  example  of  the  first  we  may  cite 

^  Cf.  Schipper  :  Grundriss  der  englischen  Metrik,  Leipzig,  1895,  pp. 
108,  176. 

"^  Cf.  Bolton:  Rhythm,  Amer.  Jour.  0/ Psy.,  VI,  1893-95,  pp.  212, 
216. 

^  No  spatial  arrangement  of  the  parts  of  a  stanza  can  give  a  parallel  of 
the  temporal  arrangement  presented  to  the  ear,  unless  it  be  the  plac- 
ing of  all  the  parts  in  a  single  line,  with  spacing  to  indicate  the 
separation  of  the  parts. 
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Mistress  Mary,  quite  contrary, 

How  does  your  garden  grow? 
Silver  bells  and  cockle  shells 

And  pretty  maids  all  in  a  row. 

Of  the  second, 

There  was  a  man  iu  our  town. 

And  he  was  wondrous  wise  ; 
He  jumped  into  a  bramble  bush 

And  scratched  out  both  his  eyes. 

The  first  is  extremely  common  as  a  nursery  rhyme  pattern, but 
rather  rare  in  adult  verse;  the  second  very  common  in  adult 
verse,  but  less  so  among  the  nursery  rhymes.  The  latter  is 
the  stanza  of  many  ballads  and  hymns  (ballad  meter,  common 
meter)  and  ver)-  frequent  in  other  kinds  of  verse.  According 
to  Schipper  {pp.  cit.,  pp.  186,  298),  both  are,  like  the  4-stress 
couplets,  very  old,  having  prototypes  in  late  Latin  and  old 
French.  The  internal  rhymes  of  the  first  variety  merely  carry 
further  a  frequent  tendency  of  4-stress  lines  to  fall  apart  into 
two  twos,  but  the  short  lines  make  the  rhythmic  effect  of  the 
stanza  quite  different  from  that  of  the  second  variety,  so  differ- 
ent in  fact  as  to  justify  a  separate  classification.  The  stanza 
pattern  would  indeed  be  more  fairly  represented  by  printing 
the  rhymed  sections  of  the  first  variety  as  separate  lines,  thus: 

Mistress  Mary, 

Quite  contrary. 
How  does  your  garden  grow? 

Silver  bells. 

And  cockle  shells, 
And  pretty  maids  all  in  a  row. 

If  one  should  attempt  to  describe  the  difference  in  words  he 
might  say  that  the  form  with  internal  rhyme  gives  the  effect  of 
two  partial,  or  not  wholly  successful,  efforts,  followed  by  com- 
plete success  on  the  third  trial,  or  of  two  small  waves  followed 
by  a  third  large  one  that  runs  far  up  the  beach.  In  the  stanza 
without  the  internal  rhyme  the  effort  is  sustained  throughout 
the  whole  of  the  4-stress  line  and  falls  in  the  3-stress  line.  The 
quick  recurrence  of  rhymes  in  the  first  variety  not  only  gives 
the  stanza  a  quick  movement  and  much  jingle,  but  rhymes  in 
such  close  proximity  are  themselves  very  emphatic,^  and  mark 
the  stanza  pattern  in  a  striking  way,  features  which  would 
recommend  it  to  the  poet  of  the  nursery  more  than  to  the  poet 
of  adults. 

Between  these  two  varieties  stand  several  nursery  rhymes 
which  have  internal  rhymes  in  the  first  or  third  line  (most  fre- 
quently in  the  first),  but  not  in  both.     For  example, 

1  Cf.  Corson,  Primer  of  English  Verse,  p.  23,  f. 
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See,  saw,  Margery  Daw, 

Johnny  shall  have  a  new  master. 
He  shall  have  but  a  penny  a  day. 

Because  he  can't  work  any  faster. 

It  is  the  existence  of  such  transition  cases  and  of  the  caesural 
tendency  in  many  4- stress  lines  that  justifies  making  one  class 
of  such  divergent  varieties. 

After  these  in  frequency  comes  a  third  four  line  stanza,  com- 
posed of  three  3-stress  lines  (the  first,  second  and  fourth)  and 
one  4-stress  line  (the  third).  Like  the  last  this  form  occurs  in 
two  varieties,  one  with  internal  rhyme  in  the  4-stress  line  and 
one  without.     For  example. 

Hickory,  dickory,  dock. 
The  mouse  ran  up  the  clock. 
The  clock  struck  one  ;  the  mouse  ran  down. 
Hickory,  dickory,  dock. 

and 

Peas  porridge  hot. 

Peas  porridge  cold, 
Peas  porridge  in  the  pot. 

Nine  da3's  old. 

These  correspond  in  pattern  to  the  short  meter  stanza  of  the 
hymn  book,  and,  when  taken  as  composed  of  two  long  lines, 
an  Alexandrine  and  a  septinary,  to  the  "  poulter's  measure  " 
of  the  Elizabethan  writers.  Schipper  {op.  cit.,  p.  199)  regards 
it  as  better  suited  to  comic  verse  than  verse  of  other  sorts,  and 
single  stanzas  of  the  variety  with  internal  rhyme  (the  4-stress 
line  being  printed  as  two  twos)  were  very  common  in  the 
humorous  columns  of  the  newspapers  a  few  years  ago.^  An  in- 
teresting feature  of  the  nursery  rhymes  of  this  pattern  is  that 
in  most  cases,  at  least  of  the  more  familiar  ones,  the  last  line  is 
a  repetition  of  the  first,  or  a  close  approximation  to  it.  The 
repetition  seems  to  bring  the  whole  to  a  close  and  round  it  off, 
like  the  return  to  the  keynote  in  a  piece  of  music. 

The  three  groups  of  stanza  patterns  so  far  considered  include 
about  four-fifths  of  the  nursery  rhymes  of  the  hundred  in  ques- 
tion, and  nearly  half  the  hymns  of  a  hymnal  examined  for  com- 
parison.'^ Of  the  remaining  rhymes  some  are  of  regular  but 
infrequent  forms  (stanzas  of  2-  and  of  3-stress  lines,  or  of  three 
4-stress  lines  followed  by  a  3-stress  line),  some  vary  in  form 
from  stanza  to  stanza,  and  a  few  defy  classification. 

^  A  single  example  will  suffice  : 

A  maiden,  named  Molly  Maguire, 
Had  trouble  in  lighting  her  fire. 

The  wood  being  green, 

She  used  kerosene  ; 
She  has  gone  where  the  fuel  is  drier. 

^  The  revised  edition  of  that  used  in  the  Episcopal  church  in  this 
country. 
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Of  the  three  more  common  patterns,  the  first  has  less  defi- 
niteness  and  unity  than  either  of  the  others,  or  depends  for  its 
unity  to  a  considerable  degree  upon  other  than  rhj'thmic  con- 
ditions. When  the  four  line  pattern  is  composed  of  couplets, 
there  seems  little  reason  in  the  rhythm  alone  why  it  should  not 
stop  at  the  end  of  the  first  couplet,  or  go  on  indefinitely,  coup- 
let after  couplet,  as  indeed  it  does  in  some  cases.  When  the 
pattern  is  represented  in  bare  taps  (e.  g. ,  with  a  lead  pencil  on 
the  table)  there  seems  also  little  reason  for  stopping  after  four 
groups  of  four  taps  rather  than  after  two  such  groups  or 
even  after  one.  The  unity  of  the  couplet  itself  is  not  great, 
though  in  setting  over  against  each  other  two  natural  rhyth- 
mic units  (here  two  4-stress  groups)  it  may  have  a  certain  de- 
gree of  completeness,  and  this  may  be  further  strengthened  by 
the  ease  with  which  a  4-stress  couplet  fits  into  the  ebb  and 
flow  of  respiration,  but  the  presence  of  rhyming  words  is  im- 
portant in  marking  ofi"  both  the  couplet  and  quatrain  of  this 
sort.  Upon  what  other  factors  their  rhj^thmic  importance 
depends  remains  to  be  investigated. 

The  second  pattern  has  distinctly  more  unity  than  the  first. 
The  4-stress  line,  or  the  pair  of  2-stress  lines,  with  the  3- 
stress  line  following  forms  a  whole  having  a  definite  auditory 
configuration,  and  is  recognizable  when  reproduced  in  bare 
taps.  Two  such  wholes  constitute  the  stanza,  which  thus 
acquires  a  unity  comparable  to  that  of  the  couplet. 

The  third  pattern  is  the  most  distinct  and  unitary  of  all.  It 
conies  to  a  definite  close  and  has  no  tendency  to  repetition,  ex- 
cept as  a  whole,  a  characteristic  which  perhaps  has  something 
to  do  with  its  fitness  for  single  stanza  humorous  verses  and  its 
unfitness  for  general  lyric  use  where  all  the  stanzas  must  con- 
tribute toward  the  larger  unit  of  the  poem.  It  seems  to  stand 
on  the  same  grade  of  unity  as  the  single  4-stress  line  of  the 
first  group  and  the  half  stanzas  of  the  second  group.  When 
represented  in  bare  taps,  it  has  a  perfectly  clear  and  recogniza- 
ble character,  and  has  often  been  used,  as  will  be  shown  later, 
where  definite  and  recognizable  rhythmic  effects  are  desired.^ 

The  essential  thing  in  all  these  stanza  patterns  appears  to  be 
the  stressed  syllable,  or  rather  the  group  of  stressed  syllables 
recurring,  at  equal  intervals  of  time,  and  marked  off,  group 
from  group,  by  pauses  or  rh5'mes  or  both.  The  syllables  which 
fill  up  the  intervals  between  the  stressed  ones,  introduce  them, 
or  follow  them,  seem  generally  to  be  of  less  importance.  They 
make  one  stanza  differ  from  another  of  the  same  pattern,  but 
they  do  not  change  the  pattern.  The  pattern  on  the  contrary 
seems  to  dominate  the  syllables  and,  at  least  in  the  nursery 

1  Cf.  Section  III  below. 
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rhymes,  to  force  them  into  accord  with  itself.  Many  examples 
of  this  are  to  be  found,  especially  where  several  syllables  are 
crowded  into  a  single  interval,  or  where  a  single  stressed  sylla- 
ble is  extended  to  fill  a  whole  one.  Some  of  these  will  be 
noticed  in  the  experimental  section  below;  here  we  desire  to 
speak  of  two  or  three  rhymes  in  which,  with  different  treatment 
of  the  syllables  in  question,  conformity  to  more  than  one  pat- 
tern is  possible.  In  the  following  rhyme,  for  example,  the 
first  and  third  lines  are  a  syllable  short  for  the  common  meter 
pattern. 

Sing  a  song  o'  six  pence, 

A  pocket  full  of  rj-e  ; 
Four  and  twenty  blackbirds, 

Baked  in  a  pie. 

If  the  last  syllable  in  these  lines  is  unstressed,  the  stanza 
pattern  becomes  one  of  four  3-stress  lines — a  rare  one  among 
nursery  rhymes.  If  on  the  contrary  the  syllable  immediately 
preceding  the  last  is  held  long  enough  to  bring  a  stress  on  the 
final  syllable  it  conforms  to  the  common  meter  pattern,  and 
this  as  a  matter  of  fact  appears  to  be  what  often  happens. 
The  results  of  tests  wdth  children  on  this  point  will  be  given  in  the 
next  section.  Two  lines  in  other  stanzas  of  the  same  rhyme 
have  the  full  quota  of  syllables,  though  this  alone  would  not 
be  conclusive;  for  the  rhymes  do  not  always  adhere  to  the  same 
pattern  throughout.  It  is  probable  also  that  some  readers  bring 
the  words  to  a  familiar  pattern  in  another  way,  namely,  by 
taking  the  rhyme  as  a  tetrameter  couplet,  which  would  make 
it  conform  to  the  still  more  common  4-stress  group.     Thus, 

r  r  r  r 

Sing  a  song  o'  six  pence,  a  pocket  full  of  rye ; 

f  r  r  r 

Four  and  twenty  blackbirds,  baked  in  a  pie. 

In  the  following  rhyme  (which,  however,  did  not  occur  in 
our  hundred)  there  is  an  extra  S5-llable  in  the  second  and 
fourth  lines,  if  the  rhyme  is  taken  as  having  the  common  meter 
pattern,  or  a  syllable  too  few  if  it  is  taken  as  having  the  long 
meter  pattern. 

Once  in  my  life  I  married  a  wife, 

And  where  do  you  think  I  found  her? 

On  Gretna  Green  in  a  silken  sheen. 
And  I  took  up  a  stick  to  pound  her. 

She  jumped  over  a  barberry  bush, 

And  I  jumped  over  a  timber, 
I  showed  her  a  gaj^  gold  ring. 

And  she  showed  me  her  finger. 

In  the  first  stanza  the  syllables  immediately  preceding  the 
last  in  these   lines — "pound"   and    "found" — are  of  them- 
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selves  v^ery  long,  and  a  little  further  time  is  also  required 
if  the  h  in  "  her  ' '  is  given  distinctly — so  that  it  is  easy 
to  make  these  syllables  long  enough  to  bring  an  extra  stress  on 
the  following  syllable  and  fit  the  whole  to  the  pattern  of  four 
4-stress  lines.  In  the  second  stanza  the  penultimate  syllables 
of  the  second  and  fourth  lines  are  not  so  long  and  the  tendency 
to  stretch  the  lines  is  less  strong,  and  perhaps  would  not  be 
sufficient  to  keep  the  rhyme  from  falling  into  the  common 
meter  pattern,  were  it  not  for  the  influence  of  the  stanza  imme- 
diately preceding.^ 

In  the  similar  rhyme  beginning  "  See,  saw,  Margery  Daw," 
the  penultimate  syllables  of  the  second  and  fourth  lines  are 
onl}^  of  moderate  length,  and  the  tendency  to  extend  the  lines 
to  the  4-stress  limit  is  not  very  marked.  It  is  probable,  how- 
ever, that  even  this  rhyme  is  sometimes  pressed  by  children 
into  the  pattern  of  four  4-stress  lines.  In  a  musical  work  entitled 
"Mother  Goose  Songs  without  Words, "'"^  in  which  a  skillful 
musician  has  tried  to  catch  the  rhj^thm  of  familiar  nursery 
rhymes  as  they  are  repeated  by  children,  both  "  Sing  a  song 
o'  six  pence"  and  "  See,  saw,  Margery  Daw  "  are  fitted  with 
notes  that  indicate  4-stress  lines.  The  same  is  true  also  of 
"Bye,  Baby  Bunting,"  and  "Goosey,  goosey,  gander."  The 
majority,  however,  of  the  group  of  school  children  tested  with 
the  former  of  these  rhymes,  gave  it  but  three  stresses  per  line. 

Little  need  be  said  about  the  foot  structure  of  the  nursery 
rhymes,  except  that  they  are  extremely  free,  the  only  require- 
ment seeming  to  be  that  the  stressed  syllables  should  recur  at 
approximately  equal  intervals.  As  a  result  of  this  liberty  the 
three  syllable  feet  are  freely  mixed  with  the  two,  and  it  is  rare 
to  find  a  rhyme  that  maintains  a  single  type  of  foot  through- 
out. Some  apparent  irregularities  in  the  way  of  extra  syllables 
at  the  beginning  of  lines  will,  however,  find  their  proper  place 
in  the  rhythm  when  the  rhymes  are  written  in  long  lines  instead 
of  short. 

1  Briicke  in  his  Physiologische  Grundlagen  der  neuhochdeutschen 
Verskunsi,  pp.  25  f,  finds  a  similar  result  with  Goethe's  £s  war  ein 
Konig  in  Thule.  When  the  recitation  of  such  verses  is  accompanied 
by  tapping  movements  of  the  hand,  as  in  Briicke's  experiments  and 
in  those  to  be  discussed  in  the  next  section,  the  tendency  is  very 
strong  to  force  the  rhythm,  natural  pronunciation  of  the  words  being 
a  little  strained  in  order  to  fit  the  more  uniform  movement  of  the 
hand.  Something  similar  seems  to  have  been  observed  by  Pringle. 
Cf.  Shaw  and  Wrinch,  A  Contribution  to  the  Psychology  of  Time. 
University  of  Toronto  Studies,  No.  2,  p.  50. 

2 By  Mrs.  L.  E.  Orth,  published  by  The  Oliver  Ditson  Co.,  Boston, 
1897.  The  composer  has  endeavored  by  a  series  of  simple  pieces  em- 
bodying the  familiar  rhythms  of  the  nursery  rhymes  to  pave  the  way 
for  children  to  a  comprehension  of  rhythms  as  expressed  in  the  ordi- 
nary musical  notation. 
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It  would  be  an  interesting  question,  finallj',  to  ask  how  it 
happens  that  the  three  chief  stanza  patterns  hold  the  place  they 
do  among  the  nursery  rhymes  and  in  serious  verse.  It  is  easy  to 
say,  and  doubtless  in  large  measure  true,  that  they  owe  their 
unique  position  now  to  their  great  frequency  in  the  past.  We 
have  been  trained  to  them  as  we  have  to  the  ordinary  church 
cadences  and  the  return  to  the  keynote,  but  the  question  re- 
mains of  why  they  came  into  frequent  use  originally,  and  the 
answer  must  probably  be  looked  for  outside  the  data  obtainable 
by  a  study  of  the  forms  themselves. 

II.  An  Experimental  Study  of  the  Rhythms  of 
Nursery  Rhymes. 

Purpose  and  Method.  Our  purpose  in  undertaking  an  ex- 
perimental study  of  these  rhymes  was  one  that  must  have  sug- 
gested itself  to  every  student  of  rhythm,  namely,  to  secure,  if 
possible,  some  objective  record  of  rhythms  as  they  actually 
occur  in  spoken  verse. 

The  way  in  which  we  finally  approached  the  question,  after 
much  preliminary  testing,  was  essentially  like  one  of  those  used 
by  Briicke,  though  improved,  as  we  believe,  in  some  particu- 
lars.^    In  both  methods  the  rhythm  was  tapped  by  the  finger 

^  Briicke  :  Die  physiologischen  Grundlagen  der  neuhochdeutschen 
Verskunst,  Wien,  1871,  pp.  vii,  86.  His  methods  were  at  the  time 
unknown  to  us. 

A  few  words  with  regard  to  the  methods  of  Briicke  and  others  may 
be  added  here.  Briicke  made  use  of  two  methods,  the  first  for  study- 
ing the  relations  of  the  stressed  syllables  in  the  line  or  stanza,  the 
other  for  determining  the  quantities  of  the  syllables  in  the  foot.  The 
first  (o/>.  cit.,  p.  23)  consisted  in  marking  each  arsis,  or  each  arsis  car- 
rying an  ictus,  with  a  quill  on  an  evenly  revolving  kymograph  drum, 
while  reciting  verse  of  different  kinds.  In  the  second  method  (p.  32, 
ff.)  the  lip  movements  were  recorded  during  the  pronunciation  of  cer- 
tain lines  specially  constructed  in  syllables  involving  labial  conso- 
nants to  show  characteristic  foot  structures.  The  lip  movements  were 
traced  by  means  of  a  thin  strip  of  wood,  fast  at  one  end,  and  resting 
at  the  other  on  the  speaker's  lip.  At  a  suitable  place  a  writing  point 
was  attached  for  inscribing  on  the  drum  surface. 

Hurst  and  McKay  (Experiments  on  the  Time  Relations  of  Poetical 
Meters,  University  of  Toronto  Studies,  Psychological  Series,  No.  3, 
1899)  were,  unknown  to  us,  at  work  at  about  the  same  time  on  a 
closely  related  problem  and  by  a  similar  method,  a  refinement  of 
Briicke's  first  method.  Their  plan  was  to  have  the  syllables  of 
ten  or  twenty  successive  feet  of  standard  selections  marked  while  the 
subject  scanned  them  silently,  or  to  have  series  of  feet  of  the  standard 
forms  (dactyl,  anapest,  etc.)  tapped  off  empty,  i.  e.,  without  words, 
while  attention  was  concentrated  on  the  rhythm.  It  is  important 
to  note  that  in  using  the  tapping  method  for  the  marking  of  the 
constituent  elements  of  the  foot  instead  of  the  interval  from  arsis 
to  arsis  the  work  of  Hurst  and  McKay  approaches  that  of  Briicke  with 
his  second  method,  while  ours  is  like  that  by  his  first  method. 

Scripture  (Studies  from  the  Yale   Psychological   Laboratory,  Vol. 
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in  accompaniment  to  the  voice  reciting  the  lines,  but  in  ours  a 
voice  record  also  was  taken  bj'  one  of  the  methods  used  by 
Rousselot  and  more  recently  by  Bourdon.^  For  the  finger  record 
a  small  receiving  tambour,  placed  conveniently  to  hand  on  the 
table,  received  the  taps  and  communicated  them  to  an  inscrib- 
ing tambour  which  in  turn  transferred  them  to  the  smoked  sur- 
face of  a  kj'mograph  drum,  each  tap  being  marked  b}'  a  sharp 
departure  of  the  pointer  from  the  base  line.  For  the  voice 
record  a  short  tube  of  large  diameter  fitted  with  a  suitable 
mouth-piece  led  directly  into  the  metal  box  of  a  tambour,  the 
stylus  of  which  traced  on  the  drum  the  impulses  communicated 
to  it  by  the  breath  of  the  speaker.  For  a  time  line  an  inter- 
rupter giving  tenths  of  a  second  was  used,  and  the  speed  of 
the  drum  was  such  as  to  allow  the  reading  of  these  by  estima- 
tion in  tenths,  making  the  unit  of  measurement  o.oi  second. 

Records  were  taken  during  the  course  of  the  experiments 
upon  a  number  of  different  subjects,  but  in  small  number,  and 
only  those  taken  upon  the  writers  will  be  considered  here,  ex- 
cept in  the  case  of  certain  tests  made  upon  school  children. 
Eleven  rhymes  were  studied  sufficiently  for  report.  Five  of 
them  were  of  the  long  meter  or  other  4-stress  patterns,  as  fol- 
lows : 

Georgie,  porgie,  pudding  aud  pie, 
Kissed  the  girls  and  made  them  cry. 
When  the  boys  came  out  to  play, 
Georgie,  porgie,  ran  away. 

Intery,  minter)%  cutery,  corn, 
Apple  seed  and  apple  thorn  ; 
Wire,  brier,  limber,  lock  ; 
Three  geese  in  a  flock  ; 
Sit  and  sing  by  a  spring ; 
O,  U,  T,  and  in  again. 

Diddle,  diddle,  dumpling,  my  son  John 
Went  to  bed  with  his  stockings  on  ; 
One  shoe  off  and  one  shoe  on, 
Diddle,  diddle,  dumpling,  my  son  John. 

There  was  an  old  woman,  and  what  do  you  think, 

VII,  1899,  pp.  95,  ff.)  has  made  an  exhaustive  study  by  refined  methods 
of  the  first  stanza  of  "Who  Killed  Cock  Robin?"  but  as  the  rhyme 
was  apparently  read  rather  than  scanned  and  is  one  of  the  more  com- 
plicated ones  metrically,  his  stud}-  aud  ours  do  not  overlap  to  any  con- 
siderable extent. 

These  researches  are  the  only  ones  known  to  us,  if  we  except  the 
brief  account  of  results  given  b}'  Meumann,  in  which  the  particular 
matter  in  hand  has  been  approached  in  an  experimental  way.  The 
results  reached,  so  far  as  they  have  to  do  with  our  own,  will  be 
spoken  of  in  the  text  as  occasion  arises. 

1  Bourdon  :  L' Application  de  la  method  graphique  a  I'^tude  de  I'in- 
tensit^  de  la  voix,  L' Annie psychologique,  1897,  369-378. 
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She  lived  upon  iiotliing  but  victuals  and  drink. 
Victuals  aud  driuk  were  the  chief  of  her  diet, 
And  yet  this  old  woman  could  never  keep  quiet. 

There  was  an  old  woman  that  lived  in  a  shoe ; 
She  had  so  many  children  she  did  n't  know  what  to  do. 
So  she  gave  them  some  broth  without  any  bread, 
And  whipped  them  all  soundly  and  sent  them  to  bed. 

Those  of  the  second,  or  common  meter,  class  were: 

See,  saw,  Margery  Daw ; 
Johnny  shall  have  a  new  master. 
He  shall  have  but  a  penny  a  day, 
Because  he  can't  work  any  faster. 

Mistress  Mary,  quite  contrary, 
How  does  your  garden  grow? 
Silver  bells  and  cockle  shells. 
And  pretty  maids  all  in  a  row. 

Old  King  Cole  was  a  merry  old  soul. 

And  a  merry  old  soul  was  he. 

He  called  for  his  pipe  and  he  called  for  his  bowl, 

And  he  called  for  his  fiddlers  three. 

If  all  the  world  were  apple  pie, 

And  all  the  sea  were  ink. 

And  all  the  trees  were  bread  and  cheese. 

What  should  we  do  for  drink? 

Hey  !  diddle,  diddle,  the  cat  and  the  fiddle  ; 
The  cow  jumped  over  the  moon. 
The  little  dog  laughed  to  see  such  sport. 
And  the  dish  ran  away  with  the  spoon. 

The  single  example  of  short  meter  was 

Hickory,  dickory,  dock. 

The  mouse  ran  up  the  clock  ; 

The  clock  struck  one,  the  mouse  ran  down. 

Hickory,  dickory,  dock. 

Our  main  dependence  in  the  working  up  of  the  combined 
hand  and  voice  records  has  been  that  of  the  hand.  The  means 
employed  for  recording  the  voice  are  imperfect,  really  furnish- 
ing a  record  of  the  movements  of  the  breath  and  not  that 
of  the  vocal  intensities  at  all.  From  such  a  record  alone  it 
would  therefore  be  quite  impossible  to  get  any  picture  of  the 
rhythm.  The  voice  record,  however,  does  enable  us,  at  least 
in  the  case  of  the  explosive  consonants  (/!>,  b,  k,  and  c  and  g 
hard)  to  determine  with  some  exactness  how  nearly  the  finger 
tap  agrees  with  the  vocal  stress.-^  That  the  voice  and  hand 
should  keep  in  close  coincidence  was  of  course  to  be  expected 
in  view  of  the  strong  natural  tendency  to  beat   time  in  some 

^  Briicke,  op.  cit.,  p.  24,  f.,  and  32. 
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way  or  other,  but  an  objective  determination  of  the  degree 
of  exactness  is  not  wholly  without  interest.  The  relation  be- 
tween the  hand  and  voice  has  been  carefully  worked  out  for 
both  subjects  with  the  rhyme  "  Georgie,  porgie,"  which  is 
rich  in  these  consonants.  In  few  cases  does  the  average  differ- 
ence between  the  hand  and  voice  (average  of  ten  trials)  exceed 
o»02  sec.  Once  in  the  case  of  S  with  the  word  "boys,"  the 
difference  reaches  0.049,  but  this  is  so  much  larger  than  the 
rest  that  an  error  is  probable  either  in  locating  the  point  of 
the  voice  curve  corresponding  to  the  beginning  of  the  b  or  in 
supposing  that  in  the  enunciation  of  this  subject  the  stress  in 
this  syllable  falls  close  to  the  consonant  and  not  later  in  the 
diphthong  following.  The  other  cases  all  lie  below  0.03.  In 
the  record  of  S  for  "  Mistress  Mary  ' '  the  same  relations  are 
true,  except  for  the  first  syllable  of  "  pretty  "  where  the  aver- 
age difference  is  0.022,  and  for  "bells"  where  it  is  0.031. 
When  the  mean  variations  are  examined  it  is  found  that  in 
"Georgie,  porgie"  they  exceed  0.02  in  two  cases,  once  for 
each  subject,  the  highest  being  0.03  sec.  In  "  Mistress  Mary  " 
for  S  there  are  also  two  instances  the  highest  being  0.026.  The 
differences  of  hand  and  voice  are  larger  than  could  be  wished, 
yet,  even  if  we  take  the  extreme  cases  (excluding  only  that 
of  S  with  the  word  ' '  boys  "  )  we  find  that  they  rarely  exceed 
the  limit  laid  down  by  Meumann  (0.02)  ;^  and  if  we  take  in  the 
same  way  the  largest  mean  variations,  we  find  that  none  corre- 
spond to  a  probable  error  in  the  averages  of  ten  of  more  than 
o.oi  sec.  There  would,  therefore,  appear  to  be  sufficient  justi- 
fication for  taking  the  finger  record,  within  the  limits  indicated, 
as  synchronous  with  the  vocal  stress. 

It  should  not  be  inferred  that  the  tapping  introduced  a 
distraction  into  the  recitation  of  the  rhymes,  for  this  was  not 
the  case.  From  the  first  the  tapping  was  practically  automatic, 
and  no  difficulty  at  all  was  found  in  doing  both  at  once.  The 
effect  of  the  tapping,  as  has  been  intimated  in  the  preceding 
section,  was  probably  of  quite  another  sort,  tending  to  enforce 
by  its  own  regularity,  a  greater  steadiness  on  the  recitation 
than  would  usually  be  expected  in  vocal  utterance.  In  the 
case  of  genuine  poetry  this  would  certainly  be  a  serious,  and, 
we  believe,  a  fatal,  objection  to  the  method,  but  in  the  case  of 
the  nursery  rhymes,  where  the  usual  recitation  often  ap- 
proaches scanning,  the  greater  regularity,  if  introduced,  would 
seem  to  be  a  secondary  matter.  Nevertheless  the  fact  should 
not  be  neglected  in  inferences  based  upon  the  results  to  be 
given.     In  taking  the  records  the  rhymes  were  recited  in  the 

lUntersuchungen  zur  Psychologic  uad  .^sthetik  des  Rhythmus, 
Wundt's  Studien,  X,  1894,  p.  419. 
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child's  fashion,  making  the  rhythm  prominent,  nearly  to  the 
full  extent  of  scanning. 

General  Rate  of  Recitation.  A  question  that  naturally  arises 
in  discussions  of  rhythm  is  whether  or  not  there  is  anything 
like  a  fixed  individual  rhythm  to  which  the  reading  of  each 
subject  tends  to  conform  itself.  The  answer  which  our  ex- 
periments give  to  this  question  is  partly  afiirraative  and  partly 
negative.  The  subject  S  read  more  rapidly  than  T  with  nine 
out  of  the  eleven  rhymes  used,  and  often  by  a  very  considera- 
ble amount,  and  other  experiments  have  shown  a  similar 
tendency  in  his  reading  of  other  sorts  of  verse.  There  would 
thus  appear  to  be  a  certain  relative  constancy  of  type — quick, 
moderate  or  slow — in  the  rate  selected,  but  not  one  by  any 
means  that  excludes  differences,  e.  g.,  between  repetitions  of 
the  same  rhyme  on  different  occasions,  especially  with  different 
mental  conditions,  between  different  rhymes  of  the  same  metri- 
cal pattern,  or  between  rhymes  of  different  pattern.  This  will 
be  clear  from  the  following  table  in  which  are  given  the  aver- 
age foot  or  more  exactly  the  average  interval  between  arsis 
and  arsis  for  the  different  rhymes  studied.  In  calculating  this 
all  partial  feet  and  all  feet  affected  by  the  regular  rhythmic 
pauses  have  been  excluded.^ 

Table  I. 
Showing  in  seconds  the  average  interval  between  stresses. 

Long  Meter  Pattern. 
Georgie,  porgie, 
Intery,  mintery. 
Diddle,  diddle,  dumpling, 

There  was  an  old  woman,  and  what  do  you  think? 
There  was  an  old  woman  that  lived  in  a  shoe, 

Common  Meter  Pattern. 
Mistress  Mary, 
Old  King  Cole, 
Hey  !  diddle,  diddle. 
See,  saw,  Margery  Daw, 
If  all  the  world  were  apple  pie. 

Short  Meter  Pattern. 
Hickory,  dickory,  dock,  0.361         0.452 

1  The  averages  are  given  in  this  case  without  the  mean  variations, 
which  would  have  required  an  amount  of  extra  figuring  quite  dispro- 
portionate to  the  additional  value  afforded  by  them.  Their  size  can  be 
judged  with  sufficient  exactness  from  those  given  in  Table  II,  where 
the  intervals  are  presented  in  percentages  with  their  corresponding 
mean  variations. 

2  Average  of  9  repetitions. 
2  Average  of  7  repetitions. 
*  Average  of  8  repetitions. 


s. 

T. 

0.458 
0.548 

0.516 
0.566 

0.471 
0.476 
0.652 

0.527 
0.568 
0.620 

0503 
0.522 

0.562 
0.6162 

0.322^ 

0.548 
5.406 

0.458* 
0.533 
0.484 
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An  examination  of  this  table  will  show  the  individual  differ- 
ences in  rate  above  referred  to  and  also  differences  depending 
on  other  causes.  It  is  evident  that  the  character  of  the  rhyme 
itself  is  decidedly  important.  Both  subjects  agree  in  the  main 
in  the  relative  rates  at  which  they  take  the  rhymes,  as  appears 
in  the  following  columns  where  the  rhymes  are  arranged  in 
their  order  of  rate  from  the  slowest  to  the  quickest. 

Subject  S.  Subject  T. 


There   was   an    old   woman    that 

lived  in  a  shoe. 
See,  saw,  Margery  Daw. 
Intery,  mintery. 

Old  King  Cole. 
Mistress  Mary. 
There   was   an    old   woman,    and 

what  do  j-ou  think? 
Diddle,  diddle,  dumpling. 
Georgie,  porgie. 
If  all  the  world  were  apple  pie. 
Hickory,  dickory,  dock. 


There   was    an    old   woman    that 

lived  in  a  shoe. 
Old  King  Cole. 
There   was    an    old   woman,    and 

what  do  you  think? 
Intery,  mintery. 
Mistress  Mary. 
See,  saw,  Margery  Daw. 

Diddle,  diddle,  dumpling. 
Georgie,  porgie. 
If  all  the  world  were  apple  pie. 
Hey  !  diddle,  diddle. 


Hey  !  diddle,  diddle.  \  Hickory,  dickory,  dock. 

Just  what  caused  these  differences  in  rate  of  recitation  is  not 
altogether  clear.  The  number  of  syllables,  their  absolute  quan- 
tity, and  the  phonetic  labor  involved  in  them  are  probably  im- 
portant factors,  but  may  be  overpowered  in  particular  cases  by 
others.  It  seems  possible  that  the  syllables  of  the  first  foot  or 
two  by  their  quick  or  slow  movement  may  set  the  rate  for  the 
rhyme  as  a  whole,  making  "  Hey!  diddle,  diddle,"  for  exam- 
ple, rapid,  and  "  Old  King  Cole  "  slow.  Familiarity  may  also 
influence  the  rate,  for  though  all  the  rhymes  used  were 
familiar,  some  had  progressed  further  toward  complete  autom- 
atism than  others.  And  lastly  the  images  suggested  by  the 
rhymes — especially  those  of  movement  may  have  an  effect — as, 
for  example,  in  the  case  of  S  with  "  See,  Saw,  IMargery  Daw  " 
where  the  slow  movement  suggested  by  the  rising  and  falling 
"  see-saw  "  very  possibly  set  the  time  for  the  whole.  Whether 
the  general  emotional  tone  is  sufl&ciently  different  to  exercise 
an  independent  influence  is  so  far  a  matter  of  conjecture.^ 

Relative  Length  of  Intervals  i?i  Different  Portions  of  the  Li^ie 
and  Stanza.  In  order  to  present  these  differences  unobscured 
by  variations  due  to  causes  lying  outside  the  rhyme  itself,  it 

^  It  has  been  suggested  that  the  similarity  iu  the  relative  rates  given 
to  the  various  rhymes  by  the  two  subjects  was  due  in  part  to  uncon- 
scious imitation,  for  each  subject  heard  the  other  recite.  This  may  be 
possible  ;  but  in  view  of  the  decided  difference  in  absolute  rate  be- 
tween the  subjects,  and  the  different  rates  given  to  "  See  Saw  "  and 
"There  was  an  old  woman,  and  what  do  j'ou  think?"  we  are  not  in- 
clined to  attach  very  much  importance  to  it. 
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has  seemed  better  to  give  the  foot  lengths  (intervals  between 
stresses  as  marked  b3'  the  finger  taps)  in  percentages  of  the 
total  time  required  for  reciting  the  rhyme,  instead  of  in  the 
time  values  obtained  directly  from  the  kymograph  sheets.^ 
These  percentages  with  their  corresponding  mean  variations  are 
given  in  the  several  parts  of  Table  II  inserted  at  the  end  of  this 
section.  Each  figure  is  the  average  of  ten  percentage  records 
(except  where  the  contrary  is  specified)  calculated  from  the 
original  time  values.  The  average  recitation  time  in  seconds 
is  given  for  each  rhyme  immediately  following  the  initial  of 
the  subject,  and  from  this  the  actual  time  of  any  interval  can 
be  calculated  approximately  should  any  one  desire  to  do  so.  To 
these  have  been  added  a  few  records  of  tappings  of  the  three 
standard  patterns  without  recitation  of  anj^  rhymes  whatever, 
simpl}'^  as  pure  metrical  patterns.  Little  importance  was  at- 
tached to  these  when  they  were  taken,  and  they  are  therefore 
very  few  in  number,  but  they  are  so  consistent  with  themselves 
and  have  proved  so  interesting  in  connection  with  the  records 
of  the  rhymes  that  it  has  seemed  worth  while  to  publish  them. 
These  records  are  given  complete  in  units  of  o.oi  sec. 

In  discussing  this  table  we  shall  consider  first  those  general 
features  w^hich  throw  light  upon  the  recitation  of  all  the 
rhymes,  then  those  that  have  to  do  with  the  different  stanza 
patterns  and  individual  rhymes,  and  finall}^  such  indications  as 
appear  with  reference  to  the  rate  of  recitation  of  feet  of  various 
forms. 

It  wdll  be  noticed  that  there  is  a  rough  equality  in  the  figures 

^The  "  total  time  "  referred  to  in  the  text  was  measured  from  the 
beginning  of  the  first  finger  tap  to  the  end  of  the  voice  record,  except 
in  the  case  of  the  rhyme  "  Mistress  Mary  "  with  subject  S,  where  the 
end  of  the  voice  record  could  not  be  determined  with  sufficient  ac- 
curacy, and  the  time  used  was  that  between  the  first  and  last  finger 
taps.  The  record  does  not  include  the  time  of  introductory  syllables 
such  as  occur  in  three  of  the  rhymes,  which  were  not  easy  to  meas- 
ure with  certainty  by  the  method  employed.  In  the  case  of  these 
rhymes  the  record  is  therefore  incomplete,  though  not  to  a  degree  to 
invalidate  it  in  any  way  for  the  purposes  to  which  we  shall  apply  it. 
The  part  of  the  voice  record  following  the  last  finger  tap  was  secured 
by  having  the  subject  take  breath  instantly  after  the  eiiunciation  of 
the  last  syllable  while  his  mouth  was  still  in  contact  with  the  mouth- 
piece. This  introduced  a  sharp  and  unmistakable  fall  in  the  voice 
tracing  which  was  taken  as  marking  the  end  of  the  recitation.  The 
determinations  thus  obtained  are  a  little  too  large,  but  probably  by 
an  insignificant  amount — less  we  believe  than  the  usual  reaction  time. 
The  criticism  may  possibly  be  offered  that  the  effort  to  mark  the  end  of 
the  rhyme  in  this  way  may  have  led  to  a  slight  quickening  of  the  last 
foot  or  two.  We  regret  that  we  cannot  at  present  furnish  absolutely 
conclusive  evidence  to  the  contrary,  but  as  the  taking  of  the  breath  at 
that  point  soon  became  automatic,  we  are  not  inclined  to  think  that 
the  length  of  the  adjacent  intervals  was  seriously  affected  by  this 
cause. 
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for  the  intervals  except  where  they  are  lengthened  by  pauses, 
as  in  the  seventh  interval  of  the  common  meter  pattern  and  in 
the  third  and  sixth  of  the  short  meter  pattern,  or  where  the 
figure  stands  for  a  terminal  syllable,  as  is  the  case  with  the  last 
figure  given  for  each  rhyme.  This  is  in  accord  with  Briicke's 
generalization  (^op.  cit.,  pp.  23,  f. )  and  the  results  of  Hurst  and 
McKay  {op.  cit.,  p.  66),  but  it  is  also  clear  that  the  uniformity 
is  only  an  approximate  one,  and  subject  to  considerable  varia- 
tions. One  of  the  most  striking  of  these  is  a  progressive  quick- 
ening in  rate  from  first  to  last  of  the  recitation.  This  occurred 
with  S  in  all  of  the  rhymes,  and  with  T  in  all  but  two,  as  ap- 
pears in  the  following  table  in  which  are  set  over  against  each 
other  the  average  percentages  for  complete  intervals  in  the  first 
and  second  halves  of  the  rhymes. 


1 

'abl: 

E  III. 

Showing  average  percentages 

for  complete 

intervals  in 

the  first  and 

second  halves 

o/the 

rhymes. 

Rhymes. 

Subjects. 

First  Half. 

Second  Half 

Georgie,  porgie. 

S 

6.57 

6.19 

T 

6.63 

6.25 

Intery,  mintery. 

S 

4.29 

4.18 

T 

4-25 

4-15 

Diddle,  diddle,  dumpling. 

S 

6.44 

6.23 

T 

6.50 

6.37 

There  was  an  old  woman,  and  what  S 

6-39 

6.19 

do  you  think? 

T 

6.57 

6.23 

There  was  an  old  woman  that  lived 

S 

6.67 

6.23 

in  a  shoe, 

T 

6.54 

6.23 

Mistress  Mary, 

S 

7.38 

7.07 

T 

7.10 

7.00 

Old  King  Cole, 

S 

6.95 

6-75 

T 

7.38 

7.07 

Hey  !  diddle,  diddle. 

S 

6.78 

6.75 

T 

6-95 

7-15 

See,  saw,  Margery  Daw, 

S 

7. II 

6.30 

T 

7.10 

6.53 

If  all  the  world  were  apple  pie 

, 

S 

6.78 

6.51 

T 

6.95 

6.85 

Hickory,  dickory,  dock, 

S 

730 

6.84 

T 

7.68 

7.86 

The  onl}'  rhymes  for  which  this  relation  does  not  hold  are 
"  Hey!  diddle,  diddle,"  and  "  Hickory,  dickory,  dock,"  where  it 
fails  for  T.  A  portion  of  this  difference  comes  in  some  cases  from 
an  unusual  length  in  the  initial  interval  and  an  unusual  brevity 
in  the  last,  but  the  whole  tendency  is  not  to  be  explained  in 
this  way.  The  progressive  decrease  in  time  appears  even  when 
the  rhymes  are  taken  line  by  line.     The  averages  of  the  feet 
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in  the  successive  lines  of  the  rhj'mes  of  the  4-stress  group  are 
given  in  Table  IV.  The  facts  revealed  by  them  are  also  true 
of  those  of  the  other  patterns. 

Tadle  IV. 

Showing  average  percentages  for  complete  intervals  in  the  successive 
lines  of  rhymes  of  the  4-stress  group. 


RHYMES 

Sub- 
jects 

ISt 

Line 

2nd 
Line 

3rd 
Line 

4th 
Line 

5th 

Line 

6th 
Line 

Georgie,  porgie, 

S 
T 

6.83 
6.90 

6.30 
6.37 

6.10 
6.43 

6.10 
6.07 

Intery,  mintery, 

S 
T 

4-33 
4-30 

4-13 
4.10 

4.23 
4-23 

4.17 
4.07 

4-23 
4.27 

4.00 
4-03 

Diddle,  diddle,  dumpling, 

S 
T 

6.53 
6.70 

6.23 
6.26 

6.26 
6.53 

6.06 
6.23 

There  was  an  old  woman,  and 

S 

6.60 

6.20 

6.16 

6.23 

what  do  you  think  ? 

T 

6.86 

6.40 

6.36 

6.20 

There  was  an  old  woman  that 

S 

6.96 

6.33 

6.36 

6.10 

lived  in  a  shoe. 

T 

6.70 

6.50 

6.30 

6.13 

Reasons  for  either  the  general  acceleration  or  the  long  in-  ;-- 
itial  and  short  terminal  intervals  are  not  very  obvious.  A 
variety  of  more  or  less  plausible  conjectures  offer  themselves. 
There  is  possibly  a  certain  amount  of  inertia  in  both  hand  and 
vocal  apparatus  at  the  start,  which  gives  place,  as  the  tapping 
and  recitation  progress,  to  an  increasing  facility  of  action  due 
to  "  warming  up"  or  a  local  practice,  or  to  the  mild  excite- 
ment of  making  the  experiment.^  Relatively  careful  begin- 
nings with  rapid  and  careless  endings  are  not  uncommon  else- 
where. Observation  of  a  person  reading  prose  aloud  will  re- 
veal a  similar  tendency.  While  the  idea  is  rising  into  con- 
sciousness  the  words  are   pronounced  slowly  and   with   em- 

1  For  the  effect  of  moderate  excitement  on  tapping  rates   see   Dress- 
lar.  Some  Influences  which  Affect  the  Rapidity  of  Voluntary  Move-       ,. 
ment,  American  Journal  of  Psychology,    IV,    1S91-92,    p.    523 ;    also      /  \ 
Nichols,  The  Psychology  of  Time,  Ibid.,  p.  83. 

One  of  the  writers  believes  that  the  greatest  cause  of  change  proba- 
bly lies  in  the  relation  to  consciousness  of  the  words  in  which  the 
rhyme  is  clothed.  The  apperceptive  effort  is  high,  and  the  reading 
rate  slow,  at  the  beginning  of  the  stanza  and  of  each  phrase,  but  the 
effort  declines,  and  a  corresponding  increase  of  the  reading  rate  oc- 
curs, when  the  main  work  of  comprehension  is  for  the  moment  over. 
This  would  be  but  another  instance  of  the  general  law  of  econom}^  in 
accordance  with  which  all  our  activities  tend  to  be  performed  with  the 
least  possible  expenditure  of  nervous  energy. 
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phasis;  having  reached  the  focal  point  of  the  idea,  however, 
the  remainder  of  the  sentence  is  hurried  out  of  the  way 
in  a  more  or  less  indiscriminative  mumble.  Closely  con- 
nected with  this,  doubtless,  is  the  prominence  which,  according 
to  the  rhetoricians,  belongs  to  the  first  part  of  a  sentence  or 
phrase,  for  slowness  is  a  normal  mark  of  emphasis.  In  rapid 
writing,  also,  sufficient  words  of  a  sentence  to  carry  the  mean- 
ing are  written  legibly,  the  rest  less  perfectly.  A  long  word 
may  end  in  a  straight  line,  the  writer  trusting  to  the  opening 
syllable  and  the  context  to  make  the  thought  understood.  That 
the  causes  are  general  rather  than  special  is  probable  from  the 
fact  that  the  same  relations  hold  in  some  cases,  at  least,  when 
the  patterns  in  question  are  executed  in  bare  taps  (^cf.  Table  II, 
Pt.  V,  on  thelastof  the  inserted  sheets  at  the  end  of  this  section), 
and  similar  tendencies  have  been  found  even  in  uniform  tap- 
ping under  certain  conditions  by  experimenters  upon  time 
judgments  who  have  made  use  of  the  tapping  method.^ 

If  Table  II  is  examined  with  reference  to  the  stanza  pat- 
terns, it  will  be  found  that  certain  of  the  intervals  show  char- 
acteristic differences.  The  most  striking  of  these  are  those 
which  mark  off  the  half  stanzas  in  the  common  meter  pattern 
and  the  first  two  3-stress  lines  in  the  short  meter  pattern. 
These  are  more  marked  in  the  case  of  S,  but  appear  in  the 
records  of  both  subjects,  even  when  the  patterns  are  given  in 
bare  taps.  In  the  common  meter  pattern  the  interval  is  often 
nearly  or  quite  double  that  of  the  ordinary  intervals.  In  the  short 
meter  pattern  its  excess  ranges  from  about  one-seventh  to  more 
than  two-thirds  of  the  intervals  on  either  side.  The  interval 
in  these  cases  is  taken  up  partly  with  the  completion  of  the 
enunciation  of  the  stressed  syllable  immediately  preceding  (what 
proportion  can  be  roughly  estimated  from  that  of  the  last  syl- 
lable of  the  rhyme),  by  a  pause,  and  by  the  introductor)-  sylla- 
ble of  the  following  stress  when  there  is  one.  Such  pauses  are 
often  used  also  for  taking  breath.  In  the  long  meter  pattern 
there  is  also  a  tendency  to  mark  the  line  groups  by  lengthen- 
ing the  interval  between  the  final  stress  of  one  line  and  the 
initial  stress  of  the  succeeding  one,  but  by  no  means  so 
pronounced.  If  the  general  average  for  this  group  is  con- 
sulted (Table  II,  Pt.  i),  it  will  be  found  that  S  invariably 
lengthens  these  intervals  (and  also  shortens  the  first  inter- 
val of  the  new  line).  The  amounts  in  question  are  very 
small,  but  the  relation  can  be  traced  in  most  of  the  averages 
for  the  single  rhymes  of  the  group  and  is  clear  in  the  records 
of  the  bare  tapping  {cf.  Pt.  v).  The  same  relation  appears 
in  T's  record  with   bare  taps  and   in  some  of  the  averages 

1  Nichols,  op.  cit.,  p.  82. 
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for  the  single  rh^^mes,  but  does  not  appear  in  the  general 
average  and  fails  distinctly  in  some  of  the  single  rhyme  aver- 
ages. In  some  cases,  however,  it  may  possiblj'  be  hidden  or 
neutralized  by  T's  tendency  to  lengthen  the  first  interval  of  the 
line. 

The  smaller  rh3-thmic  periods — couplets  and  lines — are  not 
further  divided  by  measurable  lengthening  of  special  intervals 
(except  as  already  noticed  in  the  case  of  the  first  two  3-stress 
lines  of  the  short  meter  pattern),  not  even  in  the  case  of  4-stress 
lines  with  internal  rhyme.  In  the  bare  tap  rhythms,  however, 
there  are  traces  of  such  a  method  of  demarcation  i^cf.  Pt. 
v).^  The  general  tendency  to  increase  of  rate  within  the 
subordinate  groups  is,  however,  not  without  an  influence.  It 
gives  to  the  3-stress  lines  in  the  common  meter  pattern  a 
quicker  movement  than  the  4-stress  lines,  and  may  thus  be 
partially  responsible  for  the  "  falling  "  character  which  they 
seem  to  have.  The  subjects  diifer  so  much  in  their  rates  for 
the  second  half  of  the  short  meter  pattern  that  conclusions 
cannot  be  drawn  from  the  table  as  to  its  movement. 

It  remains  to  speak  of  the  size  of  the  intervals  in  relation . 
to  foot  structure,  in  other  words  to  the  nature  of  their  syl- 
lable contents.  In  the  rhymes  used  there  is  a  considerable 
variety  in  this  respect,  ranging  from  intervals  containing  but  a 
single  syllable,  as  in  the  first  two  of  "See,  saw,  Margerj"- 
Daw,"  to  those  containing  four  as  in  the  fifth  and  seventh  of 
"  There  was  an  old  woman  that  lived  in  a  shoe  "  or  the  first  of 
"  Diddle,  diddle,  dumpling."  Yet  few  difl'erences  are  appar- 
ent in  the  figures  that  can  be  referred  directly  to  this  cause,  a 
result  to  be  expected,  perhaps,  in  view  of  the  prominence  given 
to  the  rhythm  in  reciting.  It  cannot  be  doubted  that  when 
adult  verse  is  read  for  its  meaning  as  well  as  metrical  structure, 
very  material  dififerences  in  intervals  are  to  be  found.  There 
is  reason,  indeed,  to  think  that  the  overfull  intervals  in  "  There 
was  an  old  woman  that  lived  in  a  shoe  "  break  into  the  regu- 
lar movement  of  the  pattern  as  the  rhyme  is  ordinarily  recited 
by  children,  though,  as  will  presently  be  shown,  they  can  bring 
it  into  complete  uniformity  when  necessary. 

Three  of  the  rhymes — the  two  about  the  old  women  and 
"If  all  the  world  were  apple  pie,"  are  in  iambic-anapestic 
movement — the  last  in  perfect  iambs  throughout.  The  remain- 
ing eight  are  trochaic-dactjdic.  It  does  not  appear,  so  far  as 
our  results  go,  that  these  differences  affect  the  length  of  the 

^  Such  a  difference  between  the  verse  rhythm  and  that  of  bare  taps 
is  not  unexpected,  for  the  tapped  rhythms,  having  to  depend  chiefly 
upon  quantity,  are  at  a  disadvantage  compared  with  those  in  vocal 
form  which  have  at  their  disposal  rhyme,  pitch  and  intensity  in  addi 
tion. 
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intervals  or  the  general  rate  of  recitation  in  anj^  uniform  way. 
It  is  not  so  much  in  the  general  rate  of  the  line  as  at  the  be- 
ginning and  end,  where  the  presence  or  absence  of  an  extra  syl- 
lable makes  the  difference  between  an  abrupt  or  a  gradual 
beginning,  or  ending,  or  sets  the  character  of  the  movement 
for  the  whole  that  these  prosodic  differences  are  effective ; 
though  there  may  also  be  a  difference  of  movement  within  the 
interval,  if  Hurst  and  McKay  are  correct  in  their  measure- 
ments of  the  short  S3'llables  in  the  theses  of  dact3dic  and  ana- 
pestic  feet.  These  authors  report  characteristic  differences 
in  rate  for  the  different  feet  and  conclude  that  ' '  the  dactylic  foot 
tends  to  be  shorter  than  the  anapestic  and  the  trochaic  than 
the  iambic  "  {pp.  cit.,  p.  66,  f. ).  This,  however,  runs  counter 
to  common  observ'ation,  at  least  with  reference  to  the  anapest,^ 
and  does  not  hold  in  our  experiments  on  the  rhymes.  In  Table 
I,  for  example,  it  appears  that  the  pure  iambic  rhyme  "  If  all 
the  world  were  apple  pie  ' '  has  a  shorter  average  foot  than 
"  Georgie,  porgie,"  which  is  almost  exclusiveh^  trochaic.  The 
same  table  also  shows  that  rhymes  containing  the  same  sorts 
of  feet  may  differ  very  widely  in  their  rates  of  recitation.  We 
cannot  but  think  that  these  authors  have  been  led  into  error 
in  this  particular.  A  very  large  number  of  experiments  would 
be  necessary  to  establish  such  a  difference  as  they  describe;  for 
even  the  difference  between  dactyls  and  trochees  and  between 
anapests  and  iambs  disappears  when  they  occur  in  the  same 
line  and  the  line  is  scanned. 

Observations  on  the  Rhythm  of  Nursery  Rhymes  as  Recited 
and  Tapped  by  Child^rn.  As  a  supplement  to  the  experiments 
above  reported,  and  particularly  as  a  test  of  the  manner  in 
which  some  of  the  rhymes  which  do  not  quite  fit  the  or- 
dinary patterns  would  be  handled  by  the  children  them- 
selves, one  of  us  undertook  the  observation  of  a  number  of 
/  young  children  in  one  of  the  public  schools  of  the  city."  Over 
forty  children  of  an  average  age  of  ten  years  were  tested  in  all. 
They  were  taken  singly  and,  without  any  suggestion,  required 
to  recite  several  of  the  rhymes,  tapping  the  rhythm  at  the  same 
time  with  the  finger.  As  the}^  are  accustomed  to  do  something 
similar  in  the  counting-out  rhymes  and  in  music,  the}'  found 
no  difficulty  in  doing  so.  The  results  may  be  summarized  as 
follows: 

Of  fifteen  children  asked  to  tap  the   rhythm   in  ' '  Bye   Baby 

^  Coleridge,  for  example,  in  the  familiar  poem  in  which  he  illus- 
trates the  common  forms  of  feet  characterizes  them  particularly  as 
"  the  swift  anapests." 

-  It  is  a  pleasure  to  acknowledge  here  our  indebtedness  to  the  Wor- 
cester school  authorities  and  to  Miss  Ella  L.  Dwyer,  the  principal  of 
the  Oxford  St.  School,  for  the  opportunity  of  testing  these  children. 
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Bunting  "  four  gave  four  accents  to  the  line,  ten  beat  it  in 
three  and  one  in  two  beats.  "  Diddle,  diddle,  dumpling  "  was 
given  in  the  common  meter  pattern  by  nine  out  of  sixteen  chil- 
dren. Seven  others  gave  it  differently,  chiefly  in  three  stress 
lines,  all  or  nearly  all  failing  to  take  the  somewhat  more  diffi- 
cult adaptation  to  the  long  meter  pattern  that  we  ourselves  used 
in  the  measurements  above  reported.  Forty-four  children  re- 
cited the  familiar  rhyme,  "Sing  a  song  o'  six  pence."  Of 
these  twenty-seven  gave  four  stresses  to  the  first  and  third 
lines,  four  gave  them  three  stresses,  and  thirteen  two  stresses. 
It  was  found  that  the  children  were  satisfied  with  any  of  these 
simple  rhythms,  and  if  asked  to  change  did  so  readily.  The 
fourth  line  of  "  Mistress  Mary  " — "  And  pretty  maids  all  in  a 
row" — which  contains  the  long  syllable  "maids"  where  a 
short  one  would  be  expected,  was  given  in  regular  time  by 
nineteen  children  and  irregularly  by  nine.  There  seemed  to 
be  little  difficulty  where  the  rhyme  was  well  known.  In 
"There  was  an  old  w^oman  that  lived  in  a  shoe"  the  line 
"She  had  so  many  children  she  did  n't  know  what  to  do," 
which  contains  two  feet  with  supernumerary  syllables  was  taken 
rhythmically  by  thirty-three  and  irregularly  by  seven  children. 
A  further  test  was  made  by  placing  before  each  child  in  his 
turn  a  card  on  which  was  written 


I 

2 

3 

4 

5 

I 

caught 

a 

hare 

alive 

6 

7 

8 

9 

10 

I 

let 

it 

go 

again 

and  requesting  him  after  reading  it  to  himself  to  read  it  aloud. 
Two-thirds  of  the  children  read  the  numerals  rhythmically, 
putting  the  stress  on  the  i,  3  and  5  of  the  first  line  and  6,  8 
and  10  of  the  third,  and  in  nearly  all  cases  strengthened  the 
accent  on  repetition. 

These  tests  give  evidence  both  of  the  facility  with  which 
children  reduce  recalcitrant  lines  to  conformity  with  the  rhyth- 
mical patterns  and  of  a  freedom  in  the  selection  of  patterns 
in  doubtful  cases.  How  far  the  cases  in  which  the  rhymes 
were  recited  irregularly  show  habits  of  repeating  them  in  that 
way  cannot  be  said,  but  it  is  not  unlikely  that  some  rhymes 
are  never  forced  into  perfect  rhythm  by  a  considerable  number 
of  children.  These  satisfy  themselves  with  the  regularly 
rhythmed  portions  and  get  over  the  irregular  portions  in  the 
easiest  way  they  can.  A  more  extended  study  of  the  rhymes 
as  recited  by  children  when  saying  them  with  perfect  freedom, 
without  the  constraint  of  tapping  or  the  presence  of  an  un- 
familiar observer,  would  be  an  interesting  and  important  con- 
tribution to  the  subject. 
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The  general  results  of  this  section  of  our  studies  may  be 
summarized  as  follows: 

1.  We  find,  with  previous  investigators,  a  general  uniform- 
ity in  the  intervals  between  stresses  (except  when  they  con- 
tain the  pauses  that  mark  off  the  larger  rhythmic  periods),  but 
also  that  there  is,  in  the  rhymes  as  a  whole  and  in  the  rhyth- 
mic periods  within  them,  a  tendency  to  a  quickening  in  rate 
from  first  to  last. 

2.  The  characteristic  movement  of  the  most  frequent  patterns 
depends  parti}'  on  the  distribution  of  pauses  and  partly  perhaps 
on  this  tendency  to  increase  of  rate. 

3.  The  tests  on  school  children  show  a  general  tendency 
on  their  part  to  force  imperfectly  worded  rhymes  into  conformity 
with  one  or  the  other  of  the  more  common  patterns,  but  also 
a  certain  freedom  as  to  the  pattern  selected. 

III.    College  Yells. 

Perhaps  in  no  field  is  the  phenomenon  of  rhj'thm — pure 
rhythmic  noise — more  strikingh'  displayed  than  in  the  yells 
and  cheers  of  college  students.  From  the  list  published  in  the 
World  Almanac  for  1895  and  various  other  sources  a  collection 
of  full}'  two  hundred  college  yells  has  been  made,  and  these 
have  been  examined  with  reference  to  metrical  pattern.  While 
it  is  not  possible  in  every  case  to  tell  from  the  printed  text  in 
just  what  rhythmic  form  the  cheers  are  actuall}'  given,  several 
points  of  considerable  interest  are  apparent.  The  same  metri- 
cal patterns  are  found  as  in  the  nursery  rhymes,  but  in  strik- 
ingly different  proportions.  Yells  based  on  any  of  the  pure 
4-stress  patterns  or  on  the  common  meter  pattern  are  infre- 
quent, while  yells  conforming  exactly  to  the  short  meter  pat- 
tern are  extremely  common,  forming  as  much  as  a  quarter  of 
the  whole  list,  without  including  many  imperfect  examples. 
Several  of  the  yells  of  the  4-stress  group  appear  to  follow  the 
couplet  pattern,  others  the  pattern  of  three  4-stress  lines  fol- 
lowed by  a  more  or  less  perfect  3-stress  line,  and  few,  if  any, 
that  of  the  long  meter  stanza.'  Among  the  j^ells  were  also 
found  several  examples  of  a  metrical  pattern  not  represented  at 
all  in  our  list  of  nursery  rhymes,  though  not  wholh'  unknown  to 
children.  It  consists  of  a  two  followed  by  a  three.  Here  is 
an  example:  Rah,  Rah!  Rah,  Rah,  Rah!  Rah,  Rah!  Rah,  Rah, 
Rah!  Swarthmore.  This  is  evidently  based  on  the  drill  ser- 
geant's  Left,  Left!   Left,  Right,   Left!     In  the  political  cam- 

^  One  of  the  writers  of  this  study  is  inclined  to  regard  some  of  the 
cases  here  classed  as  4-stress  yells  as  leally  2-stress  yells.  From  the 
data  at  hand  it  is  perhaps  impossible  to  saj^  whether  the  two  2's  con- 
stituting the  four  are  to  be  regarded  as  subordinate  groupings  or  not. 
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paign  of  1884  this  pattern  was  used  with  the  words  "  Blaine, 
Blaine,  James  G.  Blaine  "  and  a  stamping  accompaniment,  an 
idea  which  Charles  Iyed3'ard  Norton^  says  can  be  traced  back 
to  the  Columbia  College  students.  The  same  pattern  has  been 
observed  in  use  by  children  as  a  march  rhythm:  January, 
February,  March,  March,  March.  The  most  striking  differ- 
ence, however,  is  the  greater  prominence  of  patterns  involving 
3-stress  groups.  These  occur  of  course  as  constituent  parts  of 
both  yells  and  nursery  rhymes  in  the  common  and  short  meter 
patterns,  but  also  among  the  yells  in  about  eight  out  of  nine  of 
the  remaining  cases. 

These  college  yells  are  the  settled  choice  of  the  students  of 
the  various  institutions  to  which  they  pertain,  and  in  many  cases 
are  decided  upon  by  vote  of  the  student  body.  The  propor- 
tions found  may  therefore  be  correctly  considered  as  the  rhj^th- 
mic  preferences  of  American  college  students  for  the  purpose 
for  which  they  are  used.  It  is  difficult  to  state  the  causes  in- 
spiring this  choice.  It  is  not  to  be  taken  for  granted  that  the 
preferences  of  college  men  for  rhythms  will  be  in  exact  proportion 
to  the  size  of  the  groups  in  such  a  list  of  favorite  nursery  rhymes 
as  that  considered  in  the  previous  section.  Aside  from  other 
influences,  it  is  quite  possible  that  the  impression  left  by  the 
rhymes  in  the  short  meter  pattern  ma}^  be  more  lasting  than  that 
left  by  the  larger  groups  of  other  sorts.  A  motion  rhj^thm  like 
that  of  "  Peas  porridge  hot,"  which  all  children  like  to  play, 
would  probabl)'  have  considerable  advantage  in  this  respect. 
It  is  more  probable,  however,  that  the  fact  noted  indicates  that 
some  rhythms  are  better  suited  for  certain  purposes  than  for 
others,  and  that  the  choice  of  the  tripodic  form  so  prominent  in 
the  yells  rests  upon  other  and  perhaps  physiological  reasons. 
Three  explosive  sounds  can  be  uttered  with  more  ease  and 
satisfaction — for  respiratory  reasons  probably — than  a  greater 
number  (it  is  a  common  saying  of  those  who  invent  yells  that  the 
test  of  excellence  is  to  try  them),  and  with  more  telling  effect 
than  a  less  number.  In  cheering,  also,  the  abruptness  of  the 
sound  is  an  important  factor.  A  yell  without  marked  pauses 
cannot  possiblj'  be  so  effective  as  one  in  which  the  pulses  of 
sound  are  more  sharply  marked  off  from  one  another.  An  ex- 
ample will  perhaps  make  this  clear.  The  following  yell,  even 
when  given  by  practiced  voices,  merges  into  a  mere  bellow 
of  sound:  Gloriana,  Frangipanna,  Indiana!  Kazoo,  Kazah! 
Kazoo,  Kazah!  Hoop  Lah!  Hoop  Lah!  State  University,  Rah! 
Rah !  Rah !  One  of  the  more  effective  type  in  use  in  the  Uni- 
versity of  California  is — Rah,  Rah,  Rah,  Califor-ni-a,  U.  C. 
Berk  lee,  Zip,  Boom,  Ah!     In  so  far  as  the  first  lacks  in  ex- 

^  Charles  I/cdyard  Norton  :  Political  Americanisms,  p.  120. 
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plosive  abruptness  of  rhythm,  it  loses  in  stirring  effect.  The 
abruptness  will  of  course  depend  largely  on  the  syllables  that 
compose  the  yell,  but,  as  appears  from  the  tables  given  in  the 
preceding  section,  the  short  meter  pattern  has  an  advantage 
over  the  others  in  having  unmistakable  pauses  at  the  ends  of 
the  first  two  of  its  3-stress  lines. 

It  would  be  interesting  if  it  were  possible  to  trace  the  history  of 
cheering.  Antedating  all  college  yells,  so-called,  we  have  the 
conventional  form  of  it,  which  is  known  as  "  giving  three 
cheers  ' '  or  giving  ' '  three  times  three  "for  a  person.  This 
custom  was  observed  at  least  as  far  back  as  the  last  century, 
and  probably  much  earlier.^  It  is  undoubtedly  from  this  that 
the  original  nine  rah  yells  of  Yale  and  Harvard  are  derived. 
The  question  of,  why  three  cheers  is  left  unsettled  by  us  with 
only  a  conjecture  that  long  ages  of  practical  experience  devel- 
oped this  rhythmic  form  of  sounds  as  the  most  satisfying  and 
effective. 

IV.     Some  Common  Rhythms  and  the  Words  that 
HAVE  been  Fitted  to  them. 

The  tendency  of  imaginative  hearers  to  give  a  meaning  and 
a  verbal  clothing  to  rhythmic  sounds  of  any  sort  is  everywhere 
in  evidence,  especiall}^  where  there  is  the  perception  of  con- 
formity of  the  rhythm  to  one  of  the  familiar  metric  patterns. 
Every  one  can  recall  instances.  The  telephone  call  of  a  veter- 
inary surgeon  is  translated  by  another  person  on  the  same  cir- 
cuit into  the  perfect  iambic  line  "  my  horse  is  sick;  come  quick, 
come  quick."  The  rising  bell  in  a  large  woman's  college  says 
to  one  "  crawl  out,  crawl  out,  crawl  out,"  and  for  meals  "come 
in,  come  in,  come  in."  To  another  it  says  "  get  up,  get  up, 
get  up,"  and  "quick  quick,  quick  quick,  quick  quick,"  re- 
spectively. One  person  was  told  as  a  child  that  the  schoolbell 
said  "Helen,  come  to  school,"  and  has  heard  those  words 
ever  since  when  it  rings.  The  dinner  bell  is  reported  by  a 
masculine  observer  to  say,  "3'ou  hungry  cusses,  come  in,  come 
in;  you  hungry  cusses,  come  in,  come  in." 

Perhaps  the  most  familiar  instance  is  the  interpretation  of 
the  ringing  of  church  bells — a  very  different  interpretation, 
however,  in  the  case  of  the  faithful  churchgoer  and  in  that 
given  by  the  profane  sluggard  whose  rest  is  thereby  disturbed. 
This  general  trait  has  been  elaborately  worked  out  in  a  poem 
formerly  much  affected  by  elocutionists,  beginning: 

"  How  sweet  the  chime  of  Sabbath  bells. 
Each  one  its  creed  in  music  tells." 

1  Scots  Magazine,  in  1789,  p.  356. 
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Each  creed  in  successive  stanzas  receives  its  characterization 
in  the  language  of  the  bell.    Perhaps  two  instances  will  sufl&ce: 

"  Farewell,  farewell,  base  world  farewell, 
Say  to  the  world  farewell,  farewell. 
Pealed  forth  the  Presbyterian  bell." 

"  In  after  life  there  is  no  hell, 
No  hell,  no  hell,  no  hell,  no  hell, 
Rang  out  the  Universalist  bell." 

The  railroad  and  steamer  furnish  an  almost  inexhaustible 
supply  of  meters  and  rhythms.  Engineers  of  imaginative  tem- 
perament listening  to  the  voices  of  their  engines  endow  them 
with  the  attributes  of  a  distinct  personality,  and  the  traveller  by 
steamer  may  hear  in  the  throb  of  the  screw:  "  Got  yer  trunk, 
got  yer  trunk,  got  yer  trunk."  Musicians  find  in  such  sounds 
suggestions  for  motifs  as  Leonardo  found  those  for  pictures 
in  the  mottled  surfaces  of  tables.  Berlioz  is  said  to  have  de- 
rived the  motive  for  the  ' '  Ride  to  Hell ' '  in  the  ' '  Damnation 
of  Faust"  from  the  clattering  of  an  express  train  during  a 
sleepless  night.  What  shall  be  the  meaning  given  to  these 
rhythms  depends  on  the  emotional  tone  of  the  hearer.  To  one 
young  romancer  it  is  the  machine  spirit  repeating  with  varia- 
tions the  words  "  Oh  hurry  up,  oh  hurry  up,  oh  hurry  up." 
To  one  who  has  been  bereaved  by  its  agenc)'-  it  is  the 
threatening  voice  of  a  cruel  monster.  Kipling's  "  .007  "  cov- 
ers "  his  one  hundred  and  fifty-six  miles  in  two  hundred  and 
twenty -one  minutes  " — "  a  hundred  feet  to  each  word." 

"  With  a  michnai — ghignai — shtingal !  Yah  !  Yah!  Yah  ! 
Ein — zwei— drei — mutter  !  Yah  !  Yah  !  Yah  ! 
She  climb  upon  der  shteeple 
Und  she  frighten  all  the  people 
Singin'  michnai — ghignai — shtingal!  Yah,  Yah." 

To  one  listener  the  ticking  of  an  alarm  clock  calls  up  the  Lady 
of  the  Lake.  The  patter  of  rain,  the  crunching  of  frozen  snow, 
and  even  the  rhythm  of  ordinary  walking  bring  a  verbal  accom- 
paniment to  the  minds  of  some.  This  tendency  has  long  been 
exploited  by  the  humorist  in  the  croaking  of  bullfrogs  and  the 
hooting  of  owls.  Bird  lovers  interpret  the  notes  of  their  favor- 
ites. The  robin  says  "  Cheer  up,  cheer  up,"  the  white-throated 
sparrow  "See  me!  Peabody,  peabody,  peabody."  The  crowing 
of  the  cock  to  one  means  "Who  the  devil  cares."  To  spur 
his  flagging  energy  a  farmer's  boy  was  told  that  the  meadow 
lark  sings  "  Laziness  will  kill  you,"  and  has  continued  to  hear 
these  words  in  its  song.  To  others  they  mean  '  *  My  poor  chil- 
dren. ' ' 

The  various  metric  patterns  presented  in  the  military  bugle 
calls  have  furnished  the   best  illustrations  of  the  trait  under 
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discussion.     During  the  Civil  and  Spanish  wars  the  following 
words  were  fitted  to  them  :  ^ 


14.    Reveille. 


Quich. 


End. 


D.a 


I  can't  get  'em  up, 

I  can't  get  'em  up, 

I  can't  get  'em  up  in  the  morning. 

I  can't  get  'em  up, 

I  can't  get  'em  up, 

I  can't  get  'em  up  at  all. 

The  captain  's  worse  than  the  sergeant, 
The  sergeant 's  worse  than  the  corporal, 
The  corporal 's  worse 'than  the  private, 
But  the  major  's  the  worst  of  all. 
[Then  repeat  first  part.] 


Quick. 


6.   Stable. 


^  W^PPP 


1^ — Y€-dd«0\        J  I 


Come,  come  to  the  stable 

All  ye  who  are  able, 

Water  your  horses  and  get  them  some  hay, 


^  For  the  electrotj-pes  of  the  musical  scores  we  are  indebted  to  the 
courtesy  of  D.  Appleton  &  Co.,  New  York. 
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For  if  you  don't  do  it 
The  colonel  will  know  it, 
And  ho  !  for  the  guard  house 
The  very  next  day. 


18.    Mess. 


Quick. 


Slmc. 


Soupy,  soupy,  soup,  soup, 
Without  a  single  bean  ; 
Porky, porky, pork,  pork. 
Without  a  streak  of  lean  ; 
Coffee,  coffee,  coffee, 
The  vilest  ever  seen. 

17.    Taps. 


SEJ?S 


-*-=- 


S 


i-#- 


:s: 


-(2- 


J  .      ^=4 
-^-^ — #  •  0- 


[The  signal  for  lights  out.] 

Put  it  out,  put  it  out,  put  it  out,  etc. 

The  words  soldiers  have  put  to  this  call  when  used  in  the 
burial  services  are: 

"  Love,  good  night,  must  thou  go, 
When  the  day  and  the  night  need  thee  so? 
All  is  well. 
Hasten  all  to  their  rest." 

In  the  ordinary  setting  of  words  to  music  great  liberty  is 
taken  with  the  quantity  of  the  syllables  used.  In  the  present 
instances  where  words  have  been  fitted  to  the  music  a  more 
exact  congruit}^  maj'  be  expected,  and  the  question  may  nat- 
urally be  asked  whether  the  notes  represent  with  fair  accuracy 
the  true  quantities  of  the  syllables  in  question.  This  seems  rather 
doubtful,  especially  in  the  case  of  the  unstressed  syllables.  The 
cases  are  interesting,  however,  as  showing  the  same  rhythmic 
patterns  fashioned  from  two  sorts  of  rhythmic  material. 
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La  Folie :   ses  causes,  sa  therapeutique,  au  point  de  vue  psychique. 

Par  Th.  Darel.     Avec  uue  preface  du  Dr.  E.  Gyel.    Geneva,  M. 

Reymond  ;  Paris,  F.  Alcan,   1901.     pp.  196.     Price,  Fr.  3.50. 
This  essay,  "  un  livre  tout  d'intuitiou,"  as  the   Editor  terms  it,  is 
the  outcome  of  a  philosophy  of  '  psychism.'     "  The  human  individual 
is  constituted  by  an  extremely  complex  grouping  of  monads,  them- 
selves of  very  different  stages  of  evolution Such  a  group 

is  naturally  in  a  state  of  unstable  equilibrium  ;  and  madness,  that  is 
to  say  the  annihilation  of  the  direction  of  the  central  monad,  is  the 
result  of  a  rupture  of  equilibrium  between  the  soul  and  the  mental  ele- 
ments and  between  the  mental  elements  and  the  '  astral  '  and  ma- 
terial principle.  The  causes  that  predispose  to  insanity  can  all  be 
traced  to  a  lack  of  affinity  between  the  soul  and  the  secondary  prin- 
ciples." We  then  have  (i)  hysteria,  or  insufl&ciency  of  central  direc- 
tion ;  (2)  delirium  of  persecution,  or  rebellion  of  the  mental  elements 
from  the  ego,  with  subordination  to  the  preponderant  elements  of  the 
group  ;  (3)  mania  and  melancholia,  or  anarchy  of  the  elements  ;  and 
(4)  dementia,  or  psychical  disaggregation.  The  thesis  is  vigorously 
■worked  out ;  but  most  ps3'chologists  will  prefer  a  less  '  intuitive  '  ac- 
count of  the  abnormal  mind. 

Socrate  {Les  grands  philosophes).    Par  C.  Piat.    Paris,  F.  Alcan,  1900. 
pp.  270.     Price,  Fr.  5. 

This  volume  is  the  first  of  a  series  of  works  upon  the  leaders  of 
philosophical  thought,  which  will  appear  in  quick  succession  under 
the  general  editorship  of  M.  Piat.  Kant,  Avicenna,  Malebranche,  St.' 
Anselm,  St.  Augustine,  Descartes,  St.  Thomas  Aquinas,  St.  Bonaven- 
tura,  Maine  de  Biran,  Pascal,  Spinoza  and  Duns  Scotus  will  form  the 
subjects  of  the  next  following  issues. 

In  the  work  before  us,  M.  Piat  treats  of  the  life  and  teaching  of  Soc- 
rates in  ten  chapters,  entitled  respectively  Social  Surroundings, 
Youth,  Vocation,  Dominant  Idea,  Method,  Ethics,  Theology,  Escha- 
tology.  Trial,  and  Influence.  He  writes  pleasantly,  and  in  popular 
vein  ;  and,  if  he  brings  us  nothing  new,  manages  at  least  to  cover  his 
ground  pretty  thoroughly. 

Experimental  Psychology,   by   Edward  Bradford  Titchener.     A 
manual  of  laboratory  practice.     Vol.  I.     Qualitative  Experiments. 
Part  I.     Student's  Manual,     pp.  214.     Price,  |i.6o.     Part  II.     In- 
structor's  Manual,     pp.  456.     Price,  I2.50.     The   Macmillan  Co., 
New  York,  1901. 
It  is  a  pleasure  to  announce  the  appearance  of  this   very  important 
and  long  expected  work,  due  notice  of  which  will  appear  later.    It  was 
a  misfortune,  however,  that  the  two  parts  did  not  appear  together. 

A  Memorial  of  George  Brown  Goode.     Annual  Report  of  the  Smith- 
sonian Institution.    U.  S.  National  Museum,  1897,  Vol.  II.    Wash- 
ington, 1901,  pp.  515. 
The  first  thirty-eight  pages  of  this  interesting  volume  are  devoted 
to  abstracts  of  the  remarks  made  by  Gardiner   Hubbard,   Professors 
Langley,  W.  L.  Wilson,  H.  F.  Osborn,  and  W.  H.  Dall.    Then  follows 
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a  twenty  page  memoir  by  Professor  Langley ,  and  the  rest  of  the  volume 
is  devoted  to  papers  on  museums  and  the  history  of  science  in  America, 
vpith  a  final  bibliography  of  Goode's  v^rorks.  This  book  is  made  more 
interesting  by  full  page  plates  of  109  of  the  most  eminent  men  in  the 
history  of  American  science. 

GiStterglaube  und  Gotiersagen  der  Gemianen,  von  Wolfgang 
GoLTHER.  L.  Ehlermann,  Dresden,  1894.  pp.  66. 
This  unique  little  book  attempts  a  condensed  statement  of  what  the 
ancient  Germans  believed,  and  how  they  worshipped,  and  to  present 
it  all  in  historical  perspective.  The  more  important  chapters  are  on 
belief  in  spirits,  souls,  elfs  and  giants,  gods  and  the  Supreme  God  of 
heaven,  Wodan,  Baldr,  and  other  special  deities,  the  creation  and 
destruction  of  the  world,  divine  service.  The  author  evidently  holds 
that  this  is  not  a  bad  faith  to  live  and  die  by. 

The   Science  of  Life.     An    Outline  of  th&    History  of  Biology  aiid 
Its   Recent   Advances,  by  J.   Arthur   Thomson.       Blackie    and 
Son.,  Ltd.,  London,  1899.     pp.  246. 
This  is  an  admirable  compend  of  evolution  in  the  field  of  biology, 
by  a  facile  pen,  with  several  dozen  helpful  titles  in   the  way  of  bibli- 
ography. 

Geschichte  de  Neugriechischen  Volksschulwesens ,  von  Paui,  Kipper. 
H.  Starke,  Grossenhaim  und  Leipzig,  1897.  pp.  96. 
This  history  of  the  Greek  school  system  begins  in  1827,  when  the 
present  scheme  was  organized  under  French  influence.  It  describes 
the  gradual  predominance  of  German  influences  and  the  development 
of  the  courses  of  lower  and  intermediate  education,  nearly  up  to  its 
date,  with  copious  references. 

Erziehung  und  Erzieher,  von  Rudolf  Lehmann.  Weidmannsche, 
Berlin,  1901.  pp.  344. 
The  chief  topics  discussed  are  the  relations  between  education  and 
heredity,  habit,  educational  ideals,  home,  the  departments,  philosophy 
in  the  school.  The  latter  chapter  appears  to  the  writer  of  this  note 
the  most  important. 

A  Short  Account  of  the  Hebrew  Tetises,  by  R.  H.  Kennett.     Univer- 
sity Press,  Cambridge.     The  Macmillau  Co.,  New  York,  1901.    pp. 
104.     Price,  51 -oo. 
The  writer  has  found  that  students  of  Hebrew  find  special  difficulty 

with  tense,  hence  this  primer  designed  to  lead  up  to  a  fuller  treatment 

of  the  subject  in  Driver's  well  known  work. 

The  Books  of  the  New  Testament,  by  Leighton   Pullan.     Riving- 
tons,   London,  1901.     The   Macmillan  Co.,  New  York,   1901.     pp. 
300.     Price,  I1.25. 
This  introduction  is  neither  a  mere  handbook  nor  an  elaborate  treat- 
ise for  specialists.     It  is  conservative,  yet  has  made  ample  use  of  recent 
critical  investigation.     It  devotes  a  chapter  to  each  of  the  main  books 
with  several  interesting  appendices. 

A  Text  Book  of  Psychology  for  Secondary  Schools,  by  Daniel  Put- 
nam. American  Book  Co.,  New  York,  1901.  pp.  300. 
This  is  an  interesting  book  by  a  revered  teacher  of  long  experience. 
It  is  lucidity  itself,  as  well  befits  the  normal  classes  to  whom  the 
author  ministered.  His  mind  was  conservative,  and  while  most  of  his 
work  is  devoted  to  what  some  now  call  the  old  psychology,  there  are 
plenty  of  illustrations  from  the  new,  especially  on  some  of  the  senses, 
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dreaming,  hypnotism,  and  with  suggestions  for  apparatus  and  experi- 
ment. 

La  Philosophie  de  la  Nature  chez  les  Anciens,  par  Ch.  Huit.  Thorin 
et  Fils,  Paris,  1901.  pp.  583. 
The  author  considers  the  relations  of  nature  to  religious  thought 
among  Hebrews,  Persians,  Egyptians,  Chinese,  and  Hindus ;  the  rela- 
tions of  nature  to  poetic  sentiment  in  the  literature  of  ancient  Greece 
and  Rome  ;  and  then  treats  of  scientific  and  metaphysical  nature  study 
among  ancient  philosophers. 

The  Riddle  of  the  Universe  at  the  Close  of  the  Nineteenth  Century,  by 

Ernst  Haeckel.     Translated  by  Joseph   McCabe.     Harper   and 

Brothers,  New  York,  1901,  pp.  391. 

There  is  a  swan  song  which  marks  "  the  close  of  my  studies  on  the 

monistic  conception  of  the  universe."     The  author  renounces  a  sj'stem 

of  monistic  philosophy  he  had   planned  on  account  of  growing  age 

and  weakening  strength,  and  adds  that  "I  am  wholly  a  child  of  the 

nineteenth  century  and  with  its  close  I  draw  the  line  under  my  life's 

work."     He  here  treats  of   life  development,  the  soul,  immortality, 

substance,  nature,  belief,  monistic  religion  and  ethics,  in  an  easy  and 

very  interesting  way  interspersed  by  many  fascinating  reminiscences. 

Problems  of  Evolution,  by  F.  W.  Headi^ey.  Duckworth  &  Co.,  Lon- 
don, 1900.  pp.  373. 
First  the  writer  tries  to  show  that  Lamarck  is  wrong  as  to  the  mould- 
ing influence  of  the  environment,  but  he  pleads  for  a  world  wide  ten- 
dency to  vary,  and  with  natural  selection  as  a  regulating  principle, 
so  that  all  species,  even  the  lowest,  in  a  sense  pilot  themselves  and 
heredity  is  progressively  limiting  the  range  of  variation.  With  man 
the  same  principles  as  with  the  lower  creatures  are  still  operative,  but 
others  come  in,  so  that  civilization,  though  quite  distinct  from,  is  still 
guided  by  evolution.  A  discussion  of  the  conditions  that  favor  and 
oppose  progress  leads  to  a  final  chapter  on  China  as  unprogressive. 
The  chapters  on  the  interaction  of  species  ;  the  influence  of  the  in- 
dividual on  the  evolution  of  the  race  ;  on  isolation  ;  on  moral,  reli- 
gious and  intellectual  evolution,  are  interesting  and  suggestive. 

Evolution  of  To-day,  by  H.  W.  Conn.  G.  P.  Putnam's  Sons,  New 
York,  1899.  pp.  342.  Price,  I1.75. 
These  pages  are  intended  for  those  who  having  an  interest  in  the 
question  have  neither  the  time  nor  the  requisite  knowledge  of  biology 
to  read  the  numerous  special  discussions  on  the  various  phases  of  the 
subject.  Hence  the  chapters  are — what  is  evolution  ;  are  species  mu- 
table ;  classification  of  the  organic  world  ;  life  during  geological  ages ; 
embryology  ;  geological  distribution  ;  Darwin's  explanation  of  evolu- 
tion ;  more  recent  attempts  to  explain  it ;  the  evolution  of  man. 

Studies  Scientific  and  Social,  hy  Ai,VRnT>  RussEL  Wallace.  2  vols., 
pp.  532,  535.  Macmillan  &  Co.,  London,  1900. 
These  two  volumes  are  mainly  reprints  of  more  important  articles, 
which  the  author  has  contributed  to  reviews  and  other  periodicals 
during  the  thirty-five  years  ending  in  1899.  He  has,  however,  intro- 
duced many  copious  illustrations  which  modify  and  frequently' enlarge 
the  original  articles.  The  range  of  the  author's  studies  is  perhaps 
better  seen  here  than  in  any  of  his  works.  He  has  grouped  the  42 
essays  under  the  larger  headings  of  earth  studies,  descriptive  zoology, 
plant  and  animal  distribution,  theory  of  evolution,  anthropology, 
education,  politics,  the  land  problem,  ethics  and  sociology. 
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Animal  Behavior,  by  C.  Lloyd  Morgan.  Edward  Arnold,  Loudon, 
1900.  pp.  344.  Price,  fo-oo. 
In  attempting  to  revise  the  author's  "  Animal  Life  and  Intelligence  " 
for  a  new  edition,  it  appeared  "  that  the  amended  treatment  would  not 
fall  conveniently  under  the  previous  scheme  of  arrangement,"  and  he 
has,  therefore,  given  us  a  new  book.  A  few  passages  from  the  older 
work  and  some  from  his  "  Habit  and  Instinct "  have  been  introduced 
or  summarized.  He  treats  organic  behavior,  consciousness,  instinctive 
behavior,  intelligent  behavior,  social  behavior,  feelings  and  emotions, 
and  evolution  of  animal  behavior.     The  work  has  a  few  illustrations. 

The  Laws  of  Orientation  among  Animals^  by  G.  Reynaud.     Annual 
Report  of  the  Smithsonian  Institution,  1898.     Washington,  1899. 
pp.  481-498. 
In  this  discussion  the  author  succeeds  to  his  own  satisfaction  in 
eliminating  all  the  theories  that  imply  that  homing  birds  or  dogs  are 
influenced  by  knowledge  of  the  country,  by  geometrical  triangulation, 
by  the  heavenly  bodies,  magnetic  current,  etc.;  but  thinks  that  in  win- 
tering creatures  follow  the  lines  of  greatest  attraction  and  least  resist- 
ance, and  the  same  principle  brings  them  back. 

Supiriorite  des  Animaux  sur  P Homme,  "par  le  Docteur  Ph.  Mare- 
CHAL.     Fischbacher,  Paris,  1900.     pp.  228. 

Animals  are  superior  to  us  sometimes  in  senses,  locomotion,  meta- 
morphosis and  sex  ;  in  fighting  the  inconvenience  of  viviparousness  ; 
in  having  a  more  condensed  mode  of  communication  and  often  a  more 
finished  social  organism.  The  author  finds  in  animals  the  rudiments 
of  medicine,  religion,  morals,  science,  and  metaphysics.  The  writer's 
style  is  interesting  and  he  marshals  a  large  body  of  facts  current  in 
the  literature  of  the  subject  in  support  of  his  hypothesis. 

Dogs  and  Savages,  by  B.  Langkavel.     Annual  Report  of  the  Smith- 
sonian Institution,  1898.     Washington,  1899.     pp.  651-675. 

This  is  a  valuable  digest  of  a  very  voluminous  literature  on  the  rela- 
tions in  many  savage  lauds  between  dogs  and  human  beings. 

Gemiit  and  Geniutsbildu7ig,  von  Paul  Rontgen.    Jos.  Kosel'schen, 
Kempten,  1900.     pp.  368. 

These  social  and  pedagogical  studies  are  prefaced  by  an  interesting 
statement  of  what  the  author  conceives  the  gemiit  is  ;  its  relation  to 
knowledge,  will,  love,  the  heart,  religion,  character,  while  only  the 
last  120  pages  are  pedagogical.     It  abounds  in  judicious  quotations. 

The  Science  of  the  Emotions,  by  Bhagavan  Das.  Theosophical  Pub- 
lishing Society,  London,  1900.  pp.  183. 
This  work  is  inscribed  to  Annie  Besant,  by  whose  wish  and  under 
whose  guidance  it  was  written.  It  treats  the  factors  of  emotion  ;  its 
essential  nature  ;  different  kinds  and  subdivisions  ;  relations  of  emo- 
tions ;  virtue  and  vice  ;  complex  emotions  and  their  correspondents  ; 
emotions  in  art  ;  in  human  life  ;  and  the  high  applications  of  the  sci- 
ence of  emotions.  It  is  based  largely  upon  Sanskrit  sources,  and 
comes  into  little  contact  at  any  point  with  occidental  psychologj-. 

La  Foule  Criminelle,  par  Scipio  Sighele.    F.  Alcan,  Paris,  1901.    pp. 
300. 
This  is  a  totallj^  recast  and  enlarged  second  edition   of  the  author's 
famous  work,  with  new  illustrative  cases  appended,  and  considerable 
reconstruction  of  the  chapters. 
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An  Essay  on  Personality  as  a  Philosophical  Principle,  by  Wii,frid 
Richmond.  Edward  Arnold,  London,  1900  pp.  219. 
This  essay  is  intended  to  illustrate  a  philosophical  principle  and  not 
to  establish  a  philosophical  conclusion.  Fellowship,  the  author  thinks, 
would  be  quite  as  good  a  title.  He  first  discusses  experience  and  per- 
sonality ;  their  meaning  and  definition  ;  then  the  faculties  of  person- 
ality, feeling,  will  and  intellect.  Perhaps  the  best  chapter  is  the  last 
on  emotions,  of  which  he  makes  love,  and  especially  religious  love, 
the  highest  type. 

The  Human  Nature  Club .  An  Introduction  to  the  Study  of  Mental 
Life,  by  Edward  Thorndike.  Longmans,  Green  and  Co.,  New 
York,  1901.     pp.  235.     Price,  $1.25. 

This  somewhat  enlarged  edition  rather  needs  the  author's  warning 
that  too  much  must  not  be  expected  of  a  book  which  tries  to  handle 
psychological  questions  without  technical  words  and  without  presup- 
posing a  knowledge  of  elementary  science.  It  does  indeed  tell  little 
truth,  but  it  touches  upon  most  of  the  large  themes  in  current  psy- 
chology, but  so  lightly  and  with  such  incessant  paraphrase  of  James 
that  we  can  but  question  the  author's  pedagogic  success. 

The  Philosophy  of  Friedrich  Nietzsche,  by  Grace  Neai.  D01.SON.  The 
Macmillan  Co.,  New  York,  1901.  pp.  no. 
This  is  a  critical  exposition  of  Nietzsche's  writings  so  far  as  they  are 
concerned  with  philosophy  and  an  attempt  to  point  out  their  histori- 
cal position.  Riehl  thinks  no  serious  German  writer  so  widely  read,  and 
while  Miss  Dolson  refuses  to  accede  him  the  foremost  place  in  the 
thinkers  of  all  time,  which  his  disciples  claim,  he  is  not  a  charlatan 
taking  himself  seriously,  but  a  significant  figure  among  the  philoso- 
phers of  his  quarter  century.  The  entire  literary  movement,  known 
as  young  Germany,  acknowledges  his  leadership.  Indeed  he  is  not  an 
isolated  phenomena,  but  a  part  of  the  general  intellectual  movement 
of  the  last  decades,  and  thus  expressing  clearly  what  many  have  dimly 
thought,  only  perhaps  more  radically.  After  a  brief  biography  and 
outline,  this  writer  treats  of  his  aesthetic,  intellectual  and  ethical 
periods  successively,  and  finally  of  his  relations  to  Schopenhauer, 
Hegel,  the  materialists  and  Neo-Kantians,  and  also  his  literary  affini- 
ties. 

Sexual  Debility  in  Man,  by  F.  R.  Sturgis.  E.  B.  Treat  and  Co.,  New 
York,  1900.  pp.  432. 
The  chief  features  of  this  book  are  the  author's  advocacy  of  castra- 
tion of  certain  lunatics  under  special  conditions,  and  his  vigorous  op- 
position to  the  old  belief  that  masturbation  is  the  prelude  to  both  men- 
tal and  physical  degeneration.  The  first  three  chapters  are  devoted  to 
the  anatomy  and  physiology  of  his  subject,  while  the  rest  treats  of 
morbilities. 

Uchronie  {V  Utopie  dans  fhistoire),  par  Charles  Renouvier.  F. 
Alcan,  Paris,  1901.  pp.  412. 
This  is  a  very  curious  and  interesting  apocryphal  historical  sketch 
of  the  development  of  European  civilization,  not  as  it  has  taken  place, 
but  as  it  ought  to  have  taken  place.  This  is  set  forth  in  the  story  of  a 
certain  occidental  Middle  Age,  which  commenced  in  the  first  and 
ended  in  the  fourth  Christian  century,  and  then  in  a  modern  occidental 
history  ending  in  our  own  century.  In  the  sequel  he  shows  with 
great  artistic  talent  what  would  have  occurred  if  certain  eminent  his- 
torical percentages  had  formed  other  resolutions  than  they  did,  and 
what  incalculable  calamities  would  have  followed  if  things  had   been 
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at  their  worst.  Thus,  while  the  optimist  may  rejoice  that  history  has 
on  the  whole  been  as  fortunate  as  it  has  been,  the  pessimist,  if  his 
ideals  coincide  with  those  of  the  author,  will  find  justification  because 
things  might  have  been  so  much  better. 

Essai  critique  sur  le  droit  d'affirmer,  par  Albert  IvECLiJRB.  F.  Al- 
can,  Paris,  1901.  pp.  263. 
The  author  here  treats  of  the  principles  and  methods  of  a  normal 
theory  of  being  and  of  knowledge  and  more  specifically  of  the  Eliatic 
standpoint,  unreality,  the  relations  between  conscience  and  reality, 
phenomena  and  realit}-.  The  second  part  is  devoted  entirely  to  the 
science  of  the  non  real,  including  phenomena  in  its  relation  to  time, 
space  and  number ;  science  and  the  activity  of  the  soul  ;  and  the  con- 
ditions under  which  a  normal  science  of  non-being  is  possible. 

Un  Steele  Mouvenient  die  Monde  de  1800  a  igoo.  Ldbrairie  H.  Oudin, 
Paris,  pp.  914. 
This  work  is  published  by  a  committee  centering  in  the  Catholic 
University  of  Parigi  and  approved  by  Cardinal  Rampolla.  It  consists 
of  three  parts,  under  each  of  which  ten  or  twelve  topics  are  treated, 
each  by  a  different  writer.  The  parts  are  political  and  economic,  the 
intellectual  and  the  religious  movement  of  the  closing  century. 
Among  the  most  interesting  are  those  on  education,  philosophy,  math- 
ematics, biology,  geology,  archaeology,  history,  literature,  fine  arts, 
music,  physics  and  chemistry,  and  the  press. 

Audition  coloree  et  Phdnomenes  connexes  observes  chez  des  ^colters, 
par  Aug.  LemaiTre.  F.  Alcan,  Paris,  1901.  pp.  169. 
After  an  interesting  chapter  on  photisms  and  personifications  of 
numbers,  letters,  etc.,  the  author  gives  a  number  of  diagrams  of  num- 
ber forms,  etc.,  from  various  sources,  and  then  studies  in  detail  the 
synopsia  of  three  interesting  subjects  with  copious  illustrations.  His 
interest  centers  in  an  attempt  to  explain  genetically  these  curious 
phenomena. 

On  Artificial  and  Temporary  Colour- Blindness,  with  an  exatnination 
0/  the  colour  sensations  of  log  persons,  by  George  J.   Burch. 
Phil.  Trans.,  London,  1899,  Series  B.  Vol.  191.     pp.  1-34. 
The  results  of  the  author  are  unfavorable  to  the  theory  of  Hering,  and 

confirm  that  of  Young  and  Helmholtz,  but  indicate  the  presence  of  a 

fourth  color  sensation,   namely  blue,  which  Young  was  prepared  to 

admit  if  experimental  evidence  could  be  found. 

Greek    Thinkers.     A  History  of  Ancient    Philosophy,  by  Theodor 
GOMPERZ.     Vol.  I,  translated  by  Laurie  Magnus.     Charles  Scrib- 
ner's  Sons,  New  York,  1901.     pp.  610. 
This  work  summarizes  the  labor  of  a  lifetime  and  will  be  complete 
in  three  volumes.     It  is  not  written  from  the  standpoint  of  any  exclu- 
sive school.     It  is  here  at  last  realized  that  historical  relief  is  signifi- 
cant and  that  an  outline  of  the  story  of  religion,  literature,  and  the 
special  sciences  is  indispensable  to  an  understanding  of  the  speculative 
movement.    The  ideal  is  the  universal  history  of  the  mind  of  antiquity. 
All  critical  discussion  is  wisely  referred   to  notes,  and  the  present 
volume  prepares   the  way  for  the  second  which  will  begin  with  Soc- 
rates, while  the  third  will  end  with  mystics,  sceptics,  and  syncretists. 

Lehrbuch  der  Physiologic  des  Blenschen,  von  G.  von  Bunge.     Erster 
Band.    Sinne,  Nerven,  Muskeln,  Fortpfianzung  in  achtundzwanzig 
Vortragen.     F.  C.  W.  Vogel,  Leipzig,  1901.     pp.  381. 
This  first  volume  treats  of  the  physiology  of  the  senses,  nerves, 
JOURNAI^ — 8 
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muscles,  and  sex  in  the  form  of  28  lectures,  with  67  cuts.  The  author's 
excuse  in  yielding  to  the  demand  of  his  students  to  publish  is  that 
now-a-days  there  are  so  few  physiologists  who  teach  over  the  entire 
field.  The  work  certainly  is  not  lacking  in  pedagogical  lucidity,  in 
condensation,  or  in  apparent  familiarity  with  first  sources. 

Trattato  di  Psichiatria  del  Bianchi  Leonardo.  Napoli.  Puntata  I. 
L.  4.  PP-  170. 
This  treatise,  designed  for  the  use  of  medical  students,  the  first  part 
of  which  is  here  published,  promises  to  be  one  of  the  best  compends 
in  any  language.  We  can  but  wish  that  the  author  had  given  more 
attention  to  his  literary  references  in  many  cases,  as  he  cites  many 
names  to  some  of  which  the  reader  would  naturally  be  prompted  to 
turn. 

The  Christian  Doctrine  of  Justification  and  Reconciliation,  by  hx,- 
BRECHT  RiTSCHi,.     English  Translation,  edited  by  H.  R.  Mack- 
intosh  and   A.   B.    Macaulay.      Imported   by   Charles   Scribner's 
Sons,  New  York,  1900.     pp.  673.     Price,  I4.00. 
No   work   since   Schleiermacher's   Christliche  Glaube,  in    1821,  has 
caused  so  deep  a  movement  in  the  field  of  theology  as  this  monumental 
treatise,  the  first  edition  of  which  appeared  in  Germany  in   1870-74. 
This  is  the  English  translation  of  the   third  volume  of  the  third  edi- 
tion of  the  original,  which  presents  on  the  whole  the  main  features  of 
the  author's  view.     The  first  shows  that  Ritschl's  theology  had  no 
place  in   the  ordinary  classifications  of  theological  parties,  and  the 
second  exhibits  the  biblical  material  of  his  doctrine  here  summed  up 
under  the  leading  captions  of  the  conceptions  of  justification,  its  pre- 
suppositions, proof  and  consequences. 

Clue.  A  Guide  through  Greek  to  Hebrew  Scripture,  by  Edwin  A. 
Abbott.  A.  and  C.  Black,  London,  1900.  pp.  158. 
This  work  attempts  to  indicate  means  for  constructing  a  clue  by 
which  scholars  may  systematically  find  their  way  through  any  Greek 
translation  from  Hebrew  back  to  the  Hebrew  original ;  secondly,  to 
demonstrate  that  parts  of  the  synoptic  gospels  are  based  upon  a  com- 
mon Hebrew  document ;  and  thirdly,  to  give  specimens  of  the  manner 
in  which  the  clue  may  be  used  so  as  to  return  from  the  gospels  to  the 
original  Hebrew.  The  chapters  of  the  first  part  treat  the  errors  of 
conflation  in  the  pentitude,  and  of  the  second  those  in  the  synoptic 
gospels. 

The  Christology  of  Jesus,  by  James  Stalker.  A.  C.  Armstrong  & 
Sou,  New  York,  1899.  PP-  298.  Price,  I1.50. 
The  writer  treats  his  matter  in  six  chapters — the  importance  of  the 
teaching  of  Jesus,  the  Son  of  man,  the  Son  of  God,  the  Messiah,  the 
Redeemer,  the  Judge  ;  with  two  appendices,  one  on  Wendt's  untrans- 
lated volume  on  the  teaching  of  Jesus  and  the  other  on  the  book  of 
Enoch. 

God's  Education  'of  Man,  by  Wilwam  DeWitt  Hyde.  Houghton, 
Mifflin  &  Co.,  Boston,  1900.  pp.  252.  Price,  $1.00. 
The  author  here  attempts  to  indicate  in  a  general  waj'  and  also  uses 
a  single  small  section  to  point  out  in  considerable  detail  the  radical 
and  far  reaching  change  which  is  taking  place  in  theological  concep- 
tions. The  more  theological  introduction  treats  of  the  reorganization 
of  the  faith;  chapter  i  of  control  by  law;  chapter  2  conversion  by 
grace ;  chapter  3  character  through  service,  while  in  the  conclusion  a 
somewhat  alien  matter  on  two  types  of  ideals  is  added.  These  are 
Plato  and  Aristotle  ;  Kant  and  Hegel ;  Arnold  and  Browning ;  Garrison 
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and  Lincoln  ;  Burne-Jones  and  Watts  ;    and   of   missionaries   Nott  and 
Anderson,  Hamlin  and  Livingstone. 

Goethe's  Selbstzeugnisse  Uber  seine  Stellung  zur  Religion  tind zu  reli- 
gios-kirchlichen  Fragen,  von  Th.  Vogkl.  B.  G.  Teubner,  Leipzig, 
1900.     pp.  242. 

The  self  evidences  of  religion,  Goethe  finds,  as  interpreted  by  this 
book,  in  the  impulsion  toward  the  sublime  found  in  reverence  and 
worship;  in  the  idea  of  God  and  nature;  the  worth  of  humanity; 
body  and  mind;  working  and  warring;  patience,  renunciation,  unrest, 
penance,  immortality.  His  expressions  also  are  summarized  upon 
the  following  topics  : — revelation  and  scripture,  miracle,  Christ,  primi- 
tive Christianity,  the  visible  and  invisible,  church,  and  church  history. 

Ethics:  Descriptive  and  Explanatory,  by  S.  E.  Mkzes.  The  Mac- 
millan  Co.,  New  York,  1901.  pp.  435.  Price,  $2.60. 
This  work  is  dedicated  to  the  author's  first  teacher  in  philosophy, 
Professor  G.  H.  Howison,  and  attempts  to  give  a  critical  and  methodi- 
cal account  of  what  morality  and  immorality  really  are.  The  chapter 
heads  best  indicate  its  scope.  They  are  definition  and  methods  ;  moral 
and  non  moral  phenomena ;  subjective  morality  ;  voluntary  action  ; 
the  adult  conscience  ;  its  psychic  law  ;  birth  and  growth  of  conscience 
in  the  child  ;  in  the  race.  The  second  part  treats  of  objective  moral- 
ity, and  more  specifically  the  constituents  and  criteria  of  objective 
morality,  courage,  temperance,  benevolence,  justice,  wisdom,  welfare, 
the  nature  and  value  of  morality.  We  have  glanced  critically  at  only 
the  chapters  on  the  growth  of  consciousness  in  the  individual  and  in 
the  race,  because  these  are  the  newer  topics  and  best  calculated  to 
reveal  the  author's  method  and  his  thoroughness,  but  both  sections 
are  aridly  speculative  and  show  almost  no  acquaintance  with  the  in- 
teresting new  literature  in  this  field.  In  general  the  work  moves  in 
the  sphere  of  the  common  speculative  ethics  of  the  schools. 

The  Evolutiofi  of  Immortality,  by  S.  D.  McConneIvI-.  The  Macmillan 
Co.,  New  York,  1901.  pp.  204.  Price,  f  1.25. 
This  is  one  of  those  exasperating  books  without  an  index  or  even 
a  heading  to  its  chapters,  so  that  there  is  absolutely  no  point  of  ap- 
proach. One  must  either  read  it  through,  or  sample  it,  or  give  it  up. 
We  have  done  the  two  latter.  There  are  to-day  restless  minds  with 
an  intellectual  psychosis  akin  to  that  of  tramps,  who  rove  over  the  whole 
world  of  knowledge  in  a  light  easy  going  way  ;  know  a  little  of  Dar- 
win and  have  heard  of  Wuudt  and  Haeckel ;  have  dabbled  in  patrology  ; 
spice  their  pages  well  with  poetic  extracts,  stray  sentences  from  travel- 
lers, theologians,  physicists,  Bible  critics,  and  historians  ;  give  long 
lists  of  great  names,  who  think  thus  and  so,  but  intersperse  them  in 
an  uncritical  way  with  popular  modern  writers  utterly  without  author- 
ity ;  whose  chapters  might  be  placed  in  any  other  order,  because  there 
is  no  real  continuity  or  progress.  We  by  no  means  state  that  this 
author  is  thus  described,  but  we  do  assert  emphatically  that  from  our 
standpoint  his  contribution  to  this  most  important  subject  is  disap- 
pointing in  the  extreme,  and  that  he  shows  throughout  little  or  no 
knowledge  of  what  seems  to  us  an  important  contingent,  viz.,  the 
anthropological  and  psychological  treatment  of  his  theme. 

History,  Prophecy  and  the  Monumetits,  by  James  Frederick  McCur- 
DY.  Vol.  I,  pp.  425  ;  Vol  II,  pp.  433  ;  Vol.  Ill,  pp.  470.  The  Mac- 
millan Co.,  New  York,  1896,  1897,  and  1901.  Price,  $3  per  volume. 
The  writer  here  attempts  to  cover  all  the  period  in  Jewish  history, 

which  are  illustrated  by  contemporary  monuments,  and  seeks  to  get 
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the  non  prophetic  and  indirectly  the  prophetic  history  of  Israel,  with 
its  historical  occasions  or  antecedents.  The  scope  of  the  work  also 
involves  an  interpretation  of  the  nature  of  prophecy,  which  can  be 
only  learned  by  a  study  of  history.  The  ground  covered  in  these  three 
volumes  is  vast — the  Northern  Semites,  Babylonians,  Canaanites, 
Egyptians,  Hittites,  Aramaeans,  Assyrians,  the  inner  development  of 
Israel,  Chaldeans,  Persians,  etc.  The  author  has  striven  to  embody 
the  main  results  of  modern  scholarship  in  this  vast  field,  in  which 
there  is  now  such  a  rising  tide  of  new  interest,  in  a  way  entirely  intel- 
ligible to  the  educated  laymen,  and,  while  in  obvious  sympathy  with 
the  modern  and  progressive  views,  there  is  nothing  in  the  work  that 
can  offend  the  scholar  of  more  conservative  tendencies.  These  volumes 
constitute  a  valuable  addition  to  the  literature  of  the  subject  and  will 
be  sure  to  find  a  place  in  every  well  equipped  library  and  study  where 
this  department  is  represented. 

La  France  au  Point  de  Vue  Moral,  par  Alfred  Fouillee.  F.  Alcan, 
Paris,  1900.  pp.  416. 
This  vigorous  author  is  profoundly  dissatisfied  with  the  moral  con- 
dition of  his  native  laud,  and  feels  that  the  present  is  a  crisis  for  both 
morals  and  religion.  The  rapid  progress  of  criminality,  particularly 
among  the  youth,  makes  one  of  the  strongest  chapters  in  the  book, 
while  the  discussion  of  the  relations  between  education  and  democracy 
in  France ;  the  section  on  the  education  of  adolescents  and  secondary 
education,  lead  to  the  conclusion  that  modern  learning  is  not  sufficient 
for  moral  reform.  The  writer  evidently  shares,  as  far  as  is  consistent 
with  his  hearty  patriotism,  the  fears  of  many  of  his  countrymen,  that 
France  is  now  in  danger  of  a  moral  decadence. 

Reconstruciion  in  Theology,  by  Henry  Churchill  King.  The 
Macmillan  Co.,  New  York,  1901.  pp.  257.  Price,  I1.50. 
"  A  new  constructive  period  in  theology,  it  may  well  be  believed,  is 
at  hand.  This  book  has  been  written  with  the  earnest  desire  and  hope 
that  it  may  contribute  something  toward  the  forwarding  of  a  move- 
ment already  going  on,  a  real  spiritual  reconstruction  of  theology  in 
terms  that  should  bring  it  home  to  our  day."  After  discussing  the 
spirit  now  needed  in  theology,  the  evidence  of  this  growing  need  of 
reconstruction  and  its  reasons,  the  author  discusses  the  influence  of 
the  spirit  of  the  New  World  on  theology  ;  its  relations  to  science,  evo- 
lution, historical  and  literary  criticism  ;  the  position  of  Jesus  ;  the 
personal  relationship  of  religion  and  theology.  If  this  volume  does 
not  materially  contribute  to  the  scientific  development  of  the  prob- 
lems it  teaches,  it  is  an  able  statement  of  tendencies,  and  is  also 
valuable  as  the  utterance  of  a  representative  religious  teacher. 

Chapters  from  Aristotle's  Ethics,  by  J.  H.  Muirhead.  John  Murray, 
London,  1900.  pp.  319. 
Professor  Muirhead  has  found  the  Nicomachean  ethics  a  good  intro- 
duction to  many  of  the  fundamental  conceptions  of  moral  philosophy. 
After  outlining  the  science  of  ethics,  and  various  opinions  on  the 
nature  of  happiness  according  to  Aristotle,  the  author  summarizes  his 
teaching  on  its  elements,  the  soul,  virtue,  courage,  temperance,  self- 
control, wisdom,  friendship,  and  pleasure.  The  last  one  hundred  pages 
are  selected  passages. 

Constitution  de  V Ethique,  par  E.  de  Roberty.    F.  Alcan,  Paris,  1900. 
pp.  223. 
The  scale  of  factors  and  their  correlative  values  in  the   superorganic 
world,  the  relations  of  ethics  to  other  sciences  and   to  philosophy, — 
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these, with  the  author's  introductory  chapter  explaining  why  he  is  not 
a  positivist,  constitute  the  book. 

The  Bee  People,  by  Margaret  W.  Morley.  A.  C.  McClurg  and  Co., 
Chicago,  1900.  pp.  177. 
Miss  Morley  here  writes  with  a  little  of  the  old  charm  that  made 
The  Songs  of  Life  so  justly  popular,  but  which  seemed  to  have  faded 
from  her  Life  and  Love.  She  illustrates  as  well  as  writes,  and  this 
adds  greatly  to  the  effectiveness  of  her  work. 

The  Ethics  of  Judaism,  by  M.  Lazarus.   Translated  from  the  German 
by  Henrietta  Szold.     In  four  parts.     The  Jewish   Publication  So- 
ciety of  America,  Philadelphia,  1900.     Part  i,  pp.  309. 
This  is  a  scholarly  history,  which  carefully  refrains  from   compari- 
sons with  other  modes  of  thought  save  only  in  the  case  of  von   Hart- 
mann,  whose  charge  against  every  system  of  ethics  based  on  theism  is 
refuted.   The  three  chapters  of  this  volume  are — the  sources,  principle, 
and  character  of  Jewish  ethics.  The  other  three  volumes  will  be  awaited 
with  interest. 

Psychologie  und  Pddagogik  des  Kinderspiels,  von  G.  A.  Colozza. 
Oscar  Bond,  Altenburg,  1900.  pp.  272. 
The  first  chapter  discusses  play  from  the  standpoint  of  psychology  ; 
the  second  gives  its  history  in  pedagogy  ;  and  the  third  details  its  ped- 
agogic significance  for  suggestion,  invention,  physical  training,  devel- 
opment of  eye,  ear,  touch,  muscle,  sense,  memory,  attention,  feeling, 
etc.  Fighting  is  commended  in  its  season  and  with  moderation.  Soli- 
tude vs.  sociability  for  children  is  discussed  ;  toys,  especially  the  doll, 
and  their  relation  to  the  aesthetic  feeling  and  imagination  ;  the  advan- 
tages and  disadvantages  of  illusion  and  its  relations  to  work  are 
taken  up. 

The  Philosophy  of  History,  by  A.  Schadb.  A.  Schade,,  Cleveland,  O., 
1899.  pp.  437- 
This  is  a  most  scholarly  work,  covering  with  its  comprehensive  for- 
mula the  entire  course  of  history,  and  thoroughly  inductive  in  method. 
Progress  in  history  is  measured  by  the  degree  in  which  feeling,  rea- 
son, and  will  are  brought  under  the  control  of  a  free  agent  into  equi- 
librium and  proper  mutual  co-ordination.  In  this  encyclopaedia  of  all 
knowledge,  Christianity  and  its  ethics  and  church  are  made  the  cen- 
ter.    The  convenient  marginal  notes  are  a  great  aid  to  the  reader. 

Diseases  of  the  Heart,  Blood  Vessels,  Lymphatics,  Blood  and  Ductless 
Glands.     M.  J.  Breitenbach  Co.,  New  York. 
This  is  an  interesting  and  very  condensed  chart  in  the  following  col- 
umns:— name  of  disease,  cause,  symptoms,  inspection,  palpation,  per- 
cussion, osculation,  pulse,  complication. 

La  Suggestibility,  par  Alfred  Binet.    Schleicher  Frferes,  Paris,  1900. 

PP-39I- 
The  chapters  are  history,  directive  ideas,  moral  action,  interroga- 
tion, imitation,  conclusion.  The  work  is  a  part  of  the  author's  larger 
plan  of  amassing  material  to  shape  an  experimental  psychology  of  the 
higher  functions  of  the  mind  with  a  view  to  the  differentiation  of  indi- 
vidualities. The  two  questions  here  treated  are,  whether  effective  sug- 
gestibility can  be  secured  without  hypnotism  or  to  determine  the  degree 
of  suggestibility,  and  the  second  to  decide  whether  these  or  other  tests 
of  suggestibility  are  significant.  Both  these  questions  the  author  answers 
in  the  affirmative. 
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Die  Miniik  des  3fenschett  auf  Grund  voluntarischer  Psychologic,  von 
Henry  Hughes.  J.  Alt,  Frankfurt,  A.  M.,  1900.  pp.  423. 
In  his  introduction  the  author  discusses  the  history  and  literature  of 
mimic  and  gesture,  and  then  takes  up  its  psychological  basis,  under 
which  he  discusses  his  methods,  its  individual  origin  and  differences, 
historical  development  from  the  animals  up,  and  relation  to  art.  The 
third  chapter  treats  of  movement  of  the  face, — the  forehead,  eyes,  nose, 
mouth,  and  ears  ;  the  fourth,  movements  of  the  body, — the  head,  arms, 
and  legs;  and  the  fifth  treats  the  mode  of  expressing  emotion  under 
the  rubrics, — the  voluntary  principle,  composition  of  impulses,  feel- 
ings, excitation  of  gemuth  and  will,  mood,  attention,  inclination,  and 
achhi7ig. 

The  Mystic  Self.  Uncommon  Sense  vs.  Common  Sense,  by  Rayon. 
Chicago,  1900.  pp.  70. 
Mystic  signs  ;  a  serpent  ;  a  radiant  hand  ;  three  full-page  photo- 
graphs of  Elfa  among  the  people ;  in  a  magnetic  sleep  separating  the 
two  selves ;  and  the  physical  self-dormant,  the  higher  self  away  at 
work  ;  a  maze  of  quotations. 

Dix  Annies  de  Philosophie.     Etudes  Critiques  stir  les  Principaux 

Iravaux  Publies  de  i8gi  a  igoo,  par  Lucien  ArreaT.     F.  Alcan, 

Paris,  1901.     pp.  179. 

This  is  an  attempt  to  outline  the  history  of  philosophy  of  the  last 

decade  under  the  rubrics — sociology,  psychology,  aesthetics,  manners, 

religion,  and  doctrine.   The  writer  names  and  briefly  characterizes  the 

leading  works  in  this  field,  and  has  given  us  an  interesting  book. 

Freedom  and  'Free-Will,'  George  Stuart  Fullerton.  Popular  Sci- 
ence Monthly,  LVIII,  1900.  183-192. 
"Freedom  "  implies  absence  of  external  compulsion;  "Free-Will," 
absolute  independence  of  objective  and  subjective  influences.  The  for- 
mer, all  covet ;  the  latter  Mr.  Fullerton  denies.  He,  therefore,  favors 
the  view  of  determination,  not  fatalism,  that  we  can  do  as  we  please, 
but  that  there  is  always  a  sufl&cient  reason  for  the  "  as  we  please."  The 
paper  is  a  clear  and  popular  restatement  of  Jonathan  Edwards's  view. 

A.  J.  Kinnaman. 

Rhythm  as  an  Aid  to  Voice-  Training ,  by  Sarah  Ali^an  Jordan.  Asso- 
ciation Review,  II,  16-19,  Feb.,  1900. 
The  author  holds  that  man  is  born  with  the  possibilities  of  a  sense 
of  rhythm,  and  that  this  can  be  made  an  educational  factor  in  training 
the  deaf  mute  to  speak  as  the  hearing  child  speaks,  and  in  removing  the 
defects  of  tone,  modulations,  and  manner  of  speaking  of  the  deaf 
child.  The  sense  of  rhythm  is  to  be  developed  through  bodily  move- 
ments, and  then  applied  in  the  speaking  movements.  The  material 
for  the  training  in  speaking  are,  jingling  rhymes,  poetry,  etc.  As  means 
for  securing  an  understanding  of  differences  in  pitch,  the  author  men- 
tions the  pipe  organ  and  piano.  M.  K.  Smith. 

Essai  sur  Vesthetique  de  Lotze.  Par  A.  Matagrin.  Paris,  F.  Alcan, 
1901.  pp.  166.  Price,  Fr.  2.00. 
Based  upon  Rehnisch's  Grundziige,  1884.  Pt.  i,  discusses  beauty, — 
its  objective  and  subjective  bases,  its  definition  and  modes.  Pt.  ii,  dis- 
cusses art  in  general  and  the  arts  in  particular,  giving  Lotze's  classifi- 
cation.    A  brief  critical  and  historical  study  ends  the  volume. 

Psychologic  de  V invention.     Par  F.  P.aulhan.     Paris,  F.  Alcan,  1901. 
pp.  185.     Price,  Fr.  2.50. 
An  interesting  and  suggestive   discussion   (i)  of   invention,  '  intel- 
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lectual  creation,'  in  general,  and  its  relation  to  affective  and  volitional 
processes,  to  imitation  and  routines;  and  (2)  of  the  development  of 
invention  by  evolution,  transformation,  and  deviation,  and  of  the  cor- 
responding developments  of  imitation  and  routine.  General  consid- 
erations of  the  place  of  invention  in  society  :  its  relations  to  life, 
instinct,  and  chance,  its  range  and  philosophical  significance. 

Crime  and  Criminals.  By  J.  S.  Christison.  Second  ed.,  1899.  Chi- 
cago, J.  S.  Christison.  pp.  177.  Price,  I1.25. 
Expanded  reprint  of  papers  on  'Jail  Types  '  published  in  the  Chi- 
cago Tribune.  Distinction  between  the  insane  (defective  in  reason); 
the  moral  paretic  (defective  in  self-control);  and  the  criminal  (de- 
fective in  conscience).  Sketches  of  cases  (including  Windrath  and 
Luetgert).     Cause  and  cure  of  crime  ;  prison  treatment. 

The  Political  Economy  of  Natural  Law.  By  H.  Wood.  Boston, 
Mass.,  Lee  &  Shepard,  1899.  pp.  305.  Price,  50  cents. 
Conventional  political  economy  is  unpractical,  and  therefore  of  little 
service  in  actual  experience.  We  must  attack  the  labor  problem  in 
the  light  of  natural  law,  and  improvement  must  come  through  a 
better  interpretation  of  (and  conformity  to)  its  immutable  lines. 

History  0/  Ancient  Philosophy.     By  W.  Windelband.   Translated  by 

H.  E.  Cushman     New  York,  Chas.  Scribner's  Sons,  1899.    pp.  xv, 

393.     Price,  I2.00. 

We  are  glad  to  give  a  word  of  commendation,  though  tardily,  to  this 

excellent  class-book  of  Greek  and  Hellenic-Roman  philosophy.     It  is 

a  valuable  addition  to  the  apparatus  of  philosophical  teaching. 

Sanity  of  Mind :  A  Study  of  its  Conditions  and  of  the  Means  to  its 
Development  afid  Preservation.     By  D.  F.  Lincoi,n.     New  York, 
G.  P.  Putnam's  Sons,  1900.     pp.  vi,  177. 
Chapters  on  mental  derangement,  degeneracy,  education,  and  self- 
education.     Recommendation  of  "  custodial  care  of  the  classes  known 
as  the  insane,  the  feeble-minded  or  idiotic,  the  epileptic,  inebriates, 
criminals,  tramps,  and  paupers,"  with  a  view  to  restrict  or  wholly  pre- 
vent the  propagation  of  a  new  generation. 

Hypnotism  a  Complete  System  of  Method,  Application  and  Use,  Pre- 
pared by  the  Self  Instruction  of  the  Medical  Profession.    By  L.  W. 
De  Laurence.     Second  ed.,  illustrated.     Chicago,   The   Henne- 
berry  Co.,  1901.     pp.  256.     Price,  $1.50. 
Magic,  White  and  Black  :  the  Science  of  the  Finite  and  Infinite  Life, 
■   Containiitg^  Practical  Hints  for  Students  of  Occultism.   By  Franz 
Hartmann.     Sixth  ed.,  revised.     New  York,  The   Metaphysical 
Publ.  Co.,  1901.     pp.  292.     Price,  I2.50. 
Neither  of  these  books  has  any  scientific  value.     The  former  lays 
down  practical  rules,  from  the  platform  standpoint,  for  the  induction 
of   the  hypnotic  state  :    the   chapter   on    the   psychology  of   hypnosis 
gives   no   hint   that   the   author  knows  anything  of    the  physiology 
or  psychology  of  his  subject.     The  latter  invites   its  readers   to  "  rise 
mentally  into  the  highest  regions  of  thought  and  remain   there  as   its 
permanent  residents,"  or,  more  concretely,  to  raise  the  magic  wand  of 
their  wills  and    still   the  tempests  raging  in  the  astral   plane.     It  is 
significant  that  both  books  are,  apparently,  finding  an  extended  sale. 

Fact  and  Fable  in   Psychology,    by  Joseph    Jastromt.      Houghton, 
Mifflin  &  Co.,  Boston  and  New  York,  1900.     pp.  xvii+375.    Price, 
I2.00. 
To  speak  of  a  scientific  work  in  certain  circles  as  "  popular"  is  to 
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damn  it  and  that  without  even  faint  praise.  At  the  same  time  if  sci- 
ence is  to  do  its  work  for  mankind,  its  standpoints  and  general  results 
must  somehow  be  made  accessible  to  all  intelligent  men.  There  is 
need"  and  opportunity  for  the  genuine  interpreter  of  science  as  well  as 
for  the  specialized  producers  of  new  facts.  It  would  therefore  be  in 
hearty  commendation  if  the  reviewer  should  describe  this  collection 
of  Prof.  Jastrow's  previously  published  essays  as  a  popular  work  in 
the  best  sense.  The  matter  and  method  are  interesting,  and  both  the 
scientific  attitude  and  dignity  of  presentation  are  preserved  through- 
out. But  the  book  is  considerably  more  than  that.  All  of  the  essays 
represent  a  fresh  and  first-hand  treatment  to  the  questions  considered, 
and  several  embody  the  substance  of  valuable  original  contributions. 
The  titles  of  the  main  group  show  sufficiently  both  the  topics  and  the 
range  of  the  treatment :  The  Modern  Occult.  The  Problem  of  Psy- 
chical Research.  The  Logic  of  Mental  Telegraph}-.  The  Psychology 
of  Deception.  The  Psychology  of  Spiritualism.  Hypnotism  and  its 
Antecedents.  The  Natural  History  of  Analogy.  The  Mind's  Eye.  Men- 
tal Prepossessions  and  Inertia,  and  A  Study  of  Involuntary  Move- 
ments. To  have  brought  together  in  one  readily  accessible  place  so 
much  that  bears  upon  such  an  important  chapter  of  anthropological 
psychology  is  itself  a  contribution.  Prof.  Jastrow's  attitude  toward 
"  Psychic  Research  "  Cto  use  one  term  for  the  whole  group)  is  that  of 
the.  majority  of  competent  authorities,  namely,  that  the  phenomena 
are  worthy  of  study  ;  that  they  can  often  be  brought  into  line  with 
known  principles  of  physics,  physiology  and  psychology  ;  and  that 
the  presumption  is  overwhelmiug,  even  in  the  most  remarkable  and 
apparently  inexplicable  cases,  that  these  also  would  fall  into  line, 
could  absolutely  full  and  reliable  data  be  obtained.  The  last  essay  in 
the  book  is  on  the  Dreams  of  the  Blind,  and  furnishes  an  excellent  in- 
dication of  what  might  be  expected  from  a  thorough  study  of  the  psy- 
chology of  defectives  by  a  competent  hand.  This  and  the  essay  on 
Mental  Prepossessions  and  Inertia  are  full  of  pedagogical  suggestions. 

E.  C.  S. 

Recent  Advances  in  Psychology.  By  E.  B.  Titchener.  International 
Monthly,  August,  1900. 
In  fourteen  pages  the  writer  presents  a  few  points  in  vindication  of 
the  "  new  psychology,"  reviews  and  comments  upon  some  of  the  re- 
sults achieved  in  the  fields  of  sensation  and  perception,  attention  and 
feeling,  notes  some  features  of  the  progress  in  genetic,  animal  and 
social  psychology,  and  makes  critical  reference  to  some  of  the  recent 
literature.  F.  H.  Saunders. 

The  Psychology  of  Crazes.  By  G.  T.  W.  Patrick.  Pop.  Sci.  Mo., 
DVII,  No.  3,  1900.  pp.  285-294. 
The  hypnotic  phenomena  and  the  reversionary  mentality  and  moral- 
ity exhibited  by  individuals  in  mental  epidemics  and  crazes  are  due 
to  the  fact  that  the  unusual  excitement  accompanj'ing  excessive  emo- 
tion exercises  an  inhibitory  effect  upon  the  higher  brain  centers.  The 
physical  phenomena  so  common  in  mental  epidemics  tend  to  confirm 
this  theory,  for  in  excessive  emotion  the  unusual  excitement  in  the 
lower  brain  centers  finds  its  expression  through  the  motor  channels. 
The  last  part  of  the  article  is  devoted  to  the  application  of  the  theory 
to  special  cases  taken  from  history. 

The  Angle  Velocity  of  Eye  3Tovements,  hy  Dodge  and  Cline.     Psy- 
chological Review,  March,  1901.     pp.  145-157. 
After  brief  critical  illusion  to  the  methods  of  Volkmann,  Lamansky 
and  Huey  in  this  field  the  authors  state  in   five  points  the  ideal  ex- 
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periniental  requirements  for  apparatus  to  record  eye  movements. 
Their  own  apparatus  consisted  of  a  sensitive  film  which  could  move 
easily  in  the  vertical  plane  behind  a  narrow  slit  in  the  plate-holder  of 
a  camera.  In  the  experiments  the  movement  of  a  bright  vertical  line 
reflected  from  the  cornea  was  photographed  on  the  moving  film.  The 
averages  of  the  measurements  are  compared  with  those  obtained  by 
Huey,  and  the  peculiarities  of  the  times  found  by  the  latter  are  ac- 
counted for  as  due  to  the  necessary  inertia  of  his  apparatus. 

F.  H.  Saunders. 

Psychological  Observations  of  Spiritistn.  By  Th.  Flournoy.  Re- 
print from  the  Proceedings  of  the  International  Congress  of  Psy- 
chology, Paris,  1900. 

The  author  deprecates  the  attitude  of  regular  science  towards  the 
phenomena  loosely  grouped  under  the  term  "  Psychical  Research," 
and  holds  that  psj^chology  would  do  well  to  investigate  this  subject 
concerning  the  nature  of  which  the  number  of  earnest  inquiries  is 
constantly  increasing. 

Prof.  Flournoy  has  himself  made  a  series  of  investigations,  insuf- 
ficient as  a  basis  for  generalizations,  but  sufficient  to  justify  a  distrust 
in  the  doctrines  of  Spiritism  and  Occultism.  In  no  case  has  he  found 
a  single  instance  in  their  favor.  A  vast  majority  of  cases  may  be  re- 
ferred to  unconscious  perception  and  latent  vienioryhy  means  of  which 
material  is  preserved  which  may  be  used  later  by  the  "  Subliminal 
Imagination  "  in  constructing  fictions  singularly  independent  of  the 
minds  in  which  they  originate.  The  facts  given  refer  to  his  already 
previous  use  of  Helene  Smith  described  in  his  work  "  From  India  to 
the  Planet  Mars."   (See  ihis  Journal,  XI,  428,  and  XII,  265.) 

The  author  recommends  a  careful  psychological  and  logical  study 
of  the  fallacies  by  which  mediums  and  adepts  deceive  themselves. 

Margaret  K.  Smith. 

THE  'MIND'  ASSOCIATION. 

Owing  to  the  death  of  Professor  Henry  Sidgwick,  who  had  borne 
the  financial  responsibility  for  the  conduct  of  Mind  since  1892,  as  Pro- 
fessor Alexander  Bain  had  borne  it  from  1876-1891,  there  has  been 
formed  in  England  a  '  Mind  '  Association,  the  object  of  which  is  to 
make  the  journal  independent  of  private  liberality,  and  to  put  it  upon 
a  sound  financial  basis.  The  membership  fee  is  one  guinea,  in  return 
for  which  each  member  of  the  Association  receives  a  copy  of  Mind. 
Though  the  Association  is  primarily  a  body  of  subscribers,  it  has  the 
secondary  function  of  organizing  and  stimulating  philosophical  inter- 
est. The  leading  British  philosophers  of  the  day  are  now  members  of 
the  Association,  and  it  may  be  confidently  anticipated  that  they  will 
co-operate  in  making  Mind  thoroughly  representative  of  every  side  of 
philosophical  thought. 

Subscriptions  from  America  may  be  sent  to  Professor  E.  B.  Titch- 
ener,  Cornell  University,  Ithaca,  N.  Y. 


COEEESPONDElSrCE. 


My  Dear  Dr.  Triplett  : 

In  a  letter  recently  received,  Prof.  Dessoir  takes  exception  to  the 
statement  in  your  letter  to  the  Editors  in  the  October  number  of  the 
Journal  "that  several  citations  have  been  credited  to  Dessoir  that 
are  to  be  found  in  Jastrow's  original  paper,"  and  points  out  that  he 
gives  Prof.  Jastrow  credit  by  referring  in  foot  notes  to  two  of  his 
papers,  and  further  that,  in  two  out  of  the  three  instances  in  which 
you  refer  to  his  own  work,  you  cite  passages  to  the  formulation  of 
which  he  was  certainly  led  by  his  own  personal  observations.  In  the 
third  instance  you  have  apparently  been  misled  by  a  translation  which 
is  defective  at  this  point,  or  possibly  by  a  misplaced  reference  sign 
which  occurs  at  the  same  place  in  the  original,  if  you  consulted  that. 
The  matter  is  perhaps  a  small  one,  but  in  view  of  your  statement 
above  quoted,  some  further  explanation  would  seem  desirable. 

Yours  very  truly, 

E.  B.  TiTCHENER. 

My  Dear  Prof.  Titchener  : 

I  gladly  avail  myself  of  the  opportunity  of  your  letter  to  correct  the 
careless  statement  in  my  letter  to  the  Journal.  It  is  true  that  for 
"  several  "  I  should  have  written  "one;"  I  regret  to  have  been  thus 
inaccurate.  In  this  one  instance,  however,  the  wording  of  Prof.  Des- 
soir's  and  Prof.  Jastrow's  articles  is  practically  identical,  and  the  in- 
ference was  natural  that  the  earlier  writer  should  have  the  credit. 
Reference  to  Prof.  Dessoir's  original  paper  shows  the  translation  to 
be  defective,  as  you  say — though  at  the  time  of  writing  I  was  not 
aware  of  it — and  also  the  misplacement  of  the  reference,  for  which 
of  course  I  am  hardly  responsible. 

Yours  very  truly, 

Norman  Tripi,ett. 
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AN   ANALYTIC   STUDY   OF  THE    MEMORY    IMAGE 

AND  THE  PROCESS  OF  JUDGMENT  IN  THE 

DISCRIMINATION  OF   CLANGS 

AND  TONES. 


By  Guy  Montrose  Whipple,  A.  B.,  Ph.  D.,  Assistant  in  Psychology 
at  Cornell  University. 


Introductory. 

During  the  winter  of  1897-98,  the  writer,  then  a  student  at 
Clark  Universitj^.  was  attracted  to  the  problem  with  which  the 
present  investigation  deals  by  the  observation  of  several  rather 
unusual  instances  of  '  pitch  memory.'  These  observations  led 
to  an  experimental  investigation  which  was  instituted  with  a 
view  of  analyzing  qualitatively  the  structure  of  such  processes 
of  discrimination.  The  tests  were,  however,  of  an  unsystem- 
atic nature,  and  were  mainly  restricted  to  personal  observations 
conducted  with  the  aid  of  a  piano. 

The  more  detailed  and  systematic  study  of  the  problem,  the 
results  of  which  are  embodied  in  the  present  paper,  was  under- 
taken in  the  Psychological  Laboratory  at  Cornell  University 
during  the  academic  years  1898-99  and  1899- 1900.  An  added 
interest  was  given  to  the  problem,  and  a  favorable  setting 
secured  for  the  necessary  experimentation,  by  the  fact  that  there 
had  just  been  completed  in  the  same  laboratory  an  essentially 
similar  study  in  the  domain  of  vision.^ 

Since  this  article  fully  discusses  the  general  bearing  of  the 
problem  in  hand,  the  present  paper  needs  but  little  introduc- 
tion. It  may  be  well,  however,  to  recount  briefly  the  features 
of  the  preceding  work  which  bear  especially  upon  the  prob- 

^I.  M.  Bentley:  The  Memory  Image  and  its  Qualitative  Fidelity, 
ih\s  Journal,  XI,  1899,  1-48. 
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lem,  and  also  to  make  preliminary  mention  in  this  place  of 
certain  previous  publications  upon  pitch  memory  which  must 
necessarily  be  handled  in  some  detail  in  the  discussion  of  our 
results. 

Setting  out  from  Kuelpe's  contention  that  much  of  the  work  on  mem- 
ory has  assumed  without  sufficient  cause  the  presence  of  a  memory  im- 
age, and  that  the  term  has  been  too  loosely  applied,  Bentley  has  given 
a  review  of  the  literature  bearing  upon  the  memory  image  and  the 
methods  of  its  investigation,  has  discussed  its  genesis  and  function, 
and  conducted  an  experimental  study  of  the  qualitative  fidelity  of 
memory  images  of  color  and  brightness.  He  points  out  that  the  mod- 
ern laboratory  researches  in  this  field  have  been  chiefly  pedagogic  and 
popular  rather  than  analytic  in  nature.^ 

The  chief  methods  for  the  study  of  the  image  are  those  of  reproduc- 
tion, recognition,  comparison,  and  description.  In  view  of  the  sche- 
matic nature  of  the  reproduced  elements,  an  important  analytic  prob- 
lem is  afforded  if  we  seek  to  determine  not  how  much  of  a  given 
impression  can  be  reproduced,  but  what  is  the  nature  of  the  centrally 
excited  processes  which  form  the  basis  of  the  act  of  reproduction  or  of 
recognition. 

Both  Wolfe^  and  Lehmann-^  assumed  the  presence  of  a  memory  im- 
age in  the  recognitory  consciousness  ;  Hoeffding*  posited  an  unana- 
lyzable  '  quality  of  knownness  '  which  had  its  physical  substrate  in  a 
certain  ease  of  molecular  movement  in  the  cortex  ;  Washburn^  has  ad- 
vanced the  hypothesis  that  recognition  is  a  peculiar  property  of  cen- 
trally excited  sensations,  possibly  mediated  by  the  excitation  of  con- 
nective brain  tracts ;  Kuelpe^  has  mentioned  effectiveness  for  the 
arousal  of  centrally  excited  sensations  plus  a  mood  of  familiarity  ; 
Baldwin"  the  ease  of  motor  adjustments  of  attention  ;  and  Wundt^  a 
feeling  of  recognition  supported  by  a  background  of  ideas. 

Perception,  like  recognition,  does  not  necessarily  include  reproduc- 
tion, although  it  involves  the  past  experience  of  the  individual.  We 
may  arrange  a  schema  of  types  of  meaning-consciousnesses  which  shall 
show  at  a  glance  the  part  played  by  the  image.  Such  a  schema  is  given 
herewith  : 

I.  Cognition  (perception):  no  image  introspectively  discoverable. 

iThe  articles  of  Philippe,  Rev.  phil.,  Vol.  XLIH,  1897,  481-493, 
ibid.,  Vol.  XLIV,  1897,  508-524,  by  their  emphasis  of  the  analytic 
study  of  the  image  for  its  own  sake,  form  a  pleasing  exception  to  this 
tendency. 

•^Phil.  Stud.,  Ill,  1886,  556-558. 

^Phil.  Stud.,\,  1889,  118-119. 

*Vierieljahrsschrift,  1899-90. 

^Phil.  Rev.,  VI,  1897,  267. 

6  Outlines  of  Psychology,  1895,  p.  172. 

■^  Mental  Development,  1895,  313  ff. 

8  Phil.  Stud.,  VII,  1892,  344  ff. 
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2.  Recognition. 

A.  Direct  recognition  :  no  image  is  necessary  (whether  the  pro- 
cess be  conducted  with  active  or  passive  attention)  save  in 
the  form  of  direct  recall  (memory  in  the  narrow  sense). 

B.  Mediate  recognition  :  when  it  involves  conscious  comparison 
an  image  is  implied,  but  otherwise  auxiliary  ideas  or  other 
motives  may  be  sufficient. 

Bentley's  experimental  tests  were  conducted  mainly  by  the  method 
of  recognition,  with  special  precaution  to  secure  knowledge  of  the 
presence  or  absence  of  the  image  just  at  the  end  of  the  time-interval. 
In  the  first  series,  conducted  with  open  eyes,  the  observers  did  not  try 
to  hold  the  brightness  image.  Images  were  present  in  five-sixths  of 
the  tests.  They  could  be  recalled  better  at  the  end  of  five  minutes 
than  at  the  end  of  one  minute.  On  the  other  hand,  there  were  frequent 
instances  of  flash-like,  absolutely  certain  judgments,  where  there  is 
no  trace  of  comparison  and  no  vestige  of  an  image, — judgments  in 
which  "  the  work  seems  to  have  all  been  done  for  consciousness. "^ 
There  was  a  constant  tendency  toward  lightening  of  the  imaged 
brightness.  The  second  series  proceeded  by  a  continuous  change 
method.  The  results  showed  that  the  method  hindered  the  employ- 
ment of  the  image  in  processes  of  comparison,  and  that  the  individual 
variations  were  large.  Although  the  standard  was  approached  from 
two  directions,  yet  a  large  amount  of  expectation  might  obscure  any 
constant  memory  error.  The  quantitative  results  exhibited  large  mean 
variations. - 

The  third  series  reported  by  Bentley  was  made  by  the  method  of 
right  and  wrong  cases,  with  special  regard  to  the  stimulation  of  the 
retina  during  the  interval  (2-60  sees.).  In  these  tests  the  observer  was 
asked  to  hold  the  image  actively.  The  result  of  non-stimulation  of  the 
retina  during  the  interval  was  to  darken  the  brightness  image.  The 
amount  of  darkening  and  consequent  loss  of  accuracy  increased  slowly 
from  2  to  60  seconds,  but  without  the  peculiar  periodicity  asserted  by 
Wolfe  and  others. 

In  conclusion  Dr.  Bentley  adds:  "  Simple  recognition  stands  much 
nearer  positive  or  negative  identification  (expressed  by  aflSrmative  or 
negative  judgments)  than  it  does  to  pure  memory,  and  the  alleged  act 
of  comparison  with  a  memory  image  is  rather  a  logical  formulation, 
suggested  by  the  judgments  '  like  '  and  '  different,'  than  a  psycholog- 
ical statement  of  fact.  Where  the  image  is  available  memory  is 
slightly  more  accurate,"  but  recognition  may  be  sure  and  precise 
when  the  image  plays  no  part. 
The  experiments  of  Wolfe^  by  the  method  of  right  and  wrong  cases 

^  Chronoscopic  measurements  of  such  immediate  judgments,  in  the 
case  of  recognition  of  tones,  will  be  given  later. 

^  A  detailed  discussion  of  the  application  of  this  method  to  the 
problem  in  audition  will  be  given  later. 

^Phil.  Stud.,  Ill,  1886,  534-571. 
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are,  as  regards  the  materials  (clangs  of  the  Appunn  tonometer)  and 
the  intervals  employed  (mainly  2  to  60  seconds),  more  in  accord  with 
those  of  the  present  investigation  than  the  experiments  upon  the 
fidelity  of  the  visual  memory  image  just  reviewed,  although  in  their 
essential  purpose,  since  they  were  concerned  with  a  functional  inves- 
tigation (the  capacity  for  tonal  recognition  as  conditioned  by  time 
interval),  they  are  not  at  all  closeh^  allied  to  our  experiments. 
More  especially,  Wolfe,  as  has  already  been  mentioned,  assumed  that 
the  quotient  r/«  (method  of  right  and  wrong  cases)  measured  the 
fidelity  of  the  memory  image.  This  assumption  depends  in  turn  upon 
the  hypothesis  that  the  image  is  always  actively  present  in  the  judg- 
ment. Thus  he  says  (p.  556):  "  Gehen  wir  naeher  auf  das  Verfahren 
beim  Vergleichen  zweier  durch  einen  Zeitraum  getrennten  Toene  ein, 
so  ist  klar,  dass  ohne  ein  Erinnerungsbild  des  ersten  Tons  eine  Ver- 
gleichung  ueberhaupt  unmoeglich  ist.  Dieses  Erinnerungsbild  ist 
gewissermassen  der  Massstab,  an  welchem  der  zweite  oder  Vergleichs- 
ton  gemessen  wird."  This  quotation  should  be  qualified  by  the  fol- 
lowing (p.  558):  "  Es  ist  aber  bekanntlich  nicht  noetig  ein  bleibendes 
Bild  im  Bewusstsein  zu  behalten,  um  eine  Vergleichung  zu  vollziehen. 
Selbst  wenn  keine  bewusste  Spur  des  ersten  Tones  zurueckbleibt,  ist 
ein  Urtheil  oft  moeglich,  indent  der  zweite  Ton  sofort  ein  Bild  des 
ersten  hervorruft." 

The  tone  differences  employed  by  Wolfe  were  4,  8,  and  12  vibra- 
tions ;i  the  categories  of  judgment  were  '  same,'  '  different '  (higher  or 
lower)  and  '  doubtful.'  The  results  of  the  series  with  4  vibs.  D  showed 
that  there  were  more  right  cases  with  D=o  than  with  D  =  ^4  vibs.  The 
series  with  D  =  8  vibs.  showed  that  the  comparison  of  different  tones 
(D  =  ^8)  was  less  influenced  by  time-interval  than  was  the  recogni- 
tion of  the  same  tone  as  'same'  (D  =  o).  In  the  series  with  D=i2 
vibs.  there  were  still  instances,  even  at  four  seconds  interval,  in  which 
difference  was  recognized,  but  not  the  direction  of  the  difference. 

The  discussion  of  the  dependence  of  the  results  upon  time-interval 
brings  out  the  following  statements.  Despite  many  disturbing  indi- 
vidual factors,  more  especially  that  of  practice,  it  may  be  said  that,  in 
general,  fidelity  of  the  memory  image  for  pitch  decreases  in  such  a 
manner  that  the  time-interval  must  increase  approximately  in  geo- 
metrical progression  in  order  to  effect  equal  amounts  of  decrease  of 
retentiveness.'-  The  optimal  time  for  judgment  is  at  2  sees.  At  between 
10  and  20  seconds  (depending  upon  the  observer)  there  is  a  rise  in  the 
number  of  right  cases  which  may  indicate,  according  to  Wolfe,  not 
only  a  cessation  of  the  disintegration,  but  a  positive  renewal  of  the 
image.  Whether  the  explanation  be  in  terms  of  large  periodic  varia- 
tions of  apperception  (attention  to  the  imaged  or  of  the  influence  of 

^In  every  case  D=o  was  included. 

2  This  law  is  based  upon  the  results  for  D=o. 


DISCRIMINATION  OF   CLANGS   AND   TONES.  413 

tonal  after-images,^  the  periodicity,  as  evinced  by  the  curve  of  right 
cases,  remains  an  assured  fact.  The  phases  of  clearness  in  the  image 
may  be  assumed  to  be  approximately  constant  for  the  same  individual 
and  the  same  degree  of  effort.  The  periodicity,  therefore,  points  to  a 
like  periodicity  in  the  attention,  since  clearness  of  memory  is  assumed 
to  be  dependent  upon  the  attention. 

Other  general  results  are  that  D  =  o  is  oftener  judged  higher  than 
lower  ;  higher  is  oftener  judged  correctly  than  is  lower,  and  lower  is 
oftener  judged  higher  than  higher  is  judged  lower.  These  results  are 
due  to  the  fact  that  there  is  a  tendency  to  estimate  the  memory  image 
owing  to  its  lessened  intensity,  as  lower  than  an  actually  heard  tone 
of  the  same  pitch.  Practice  effects  are  prominent  in  the  early  stages 
especially  in  the  case  of  unmusical  subjects.  Such  practice  effects 
seem  to  be  rather  restricted  in  their  application  ;  thus  Wolfe,  who  was 
unmusical,  became  able  to  discriminate  higher  from  lower  with  con- 
siderable exactness  with  a  D  =  4  or  8  vibs.,  but  curiously  enough  was 
then  far  less  certain  with  a  D  of  30  or  40  vibs. 

Our  general  criticism  of  the  work  of  Wolfe  can  be  well  emphasized 
at  this  point  by  a  quotation  from  the  recent  monograph  by  Martin 
and  Mueller. 2  It  is  a  source  of  satisfaction  to  find  that  these  authors, 
whose  general  purpose,  as  indicated  by  the  title  of  their  work,  is  iden- 
tical with  our  own,  have  made  express  mention  of  the  desirability  of 
investigations  along  lines  which  our  experiments  have  attempted  in 
part  to  cover.  After  referring  to  the  experimental  setting  of  Wolfe's 
work  they  say  (pp.  230-1):  "  Man  hat  nun  die  Ausicht  ausgesprochen, 
dass  die  Resultate  derartiger  Versuche  ohne  Weiteres  geeignet  seien, 
uns  Auskunft  darueber  zu  geben,  wie  die  Treue  der  Erinnerung  an 
den  Normalton  (oder  sonstigen  Normalreiz)  im  Verlaufe  der  Zeit  ab- 
nimmt.  Diese  Behauptung  laesst  die  erforderliche  Vorsicht  des  Den- 
kens  vermissen.  Aus  Resultaten  von  Versuchen  der  soeben  erwaehn- 
ten  Art  kann  man  betreffs  des  Ganges,  den  die  Treue  der  Erinnerung 
im  Verlaufe  der  Zeit  nimmt,  offenbar  nur  dann  etwas  erschliessen, 
wenn  man  zuvor  in  wissenschaftlicher  Weise  etwas  Sicheres  ueber  die 
Beziehung  ausgemacht  hat,  in  welcher  die  Resultate  derartiger  Ver- 
suche zu  der  Treue  der  Erinnerung  stehen,  also  zuvor  den  Vorgang, 
welcher  bei  Vergleichuug  eines  Sinneseindruckes  niit  einem  voraus- 
gegangenen  Sinneseindrucke  stattfindet,  nach  alien  wesentlichen 
Seiten  hin  sicher  aufgeklaert  hat.  Zur  Zeit  liegt  aber  ein  ernstlicher 
Versuch,  eine  Aufklaerung  ueber  das  Wesen  dieses  Vorganges  zu 
erlangen,   .  .   .  ueberhaupt  nicht  vor." 

While  it  is  scarcely  desirable  to  recount  the  experiments  of  Martin 
and  Mueller,  because  of  the  disparity  between  their  materials  (lifted 
weights^  and  tones, — a  disparity  which  is  accentuated  by  the  introduc- 

^  "  Eine  periodische  Tendenz  zur  Erneuerung  einer  Tonempfindung 
eine  Zeit  lang  nach  dem  Aufhoeren  des  Reizes  fortexistiert  "  (p.  557). 
-Zur  Analyse  der  Uuterschiedsempfiudlichkeit,  Leipzig,  1899. 


414  WHIPPLE: 

tion  of  an  important  and  complicated  factor,  that  of  active  movement 
upon  the  part  of  the  observer, ^ — yet  it  seems  fitting  to  make  spe- 
cific reference  here  to  this  monograph  as  a  noteworthy  contribution  to 
theanalyticstudy  of  the  judgment  process.  This  emphasis  of  analysis  as 
the  ultimate  problem  of  the  psychologist  is  well  expressed  upon  page 
225:  "Man  wird  mit  uns  darueber  uebereinstimmen,  dass  fuer  die 
Psychologic  nicht  die  Untersuchung  jener  irgendwie  definirten  Unter- 
schiedsempfindlichkeit  die  letze  Aufgabe  ist,sondern  die  Untersuchung 
der  Factoreu,  auf  deren  Wirksamkeit  die  Urtheile  ueber  die  zu  ver- 
gleichenden  Sinneseindruecke  und  die  Besonderheiten  dieser  Urtheile 
beruhen.  Jeder  jener  Factoren  ist,  so  weit  es  eben  geht,  hinsichtlich 
seiner  Natur  und  Wirkungsweise  und  hinsichtlich  seiner  Abhaengigkeit 
von  den  Versuchsumstaenden  zu  untersuchen."  Such  of  the  detailed 
results  of  this  monograph  as  are  applicable  to  the  sphere  of  audition 
will  be  discussed  later. 

In  an  article  upon  the  "  Experimental  Investigation  of  Memory, "^ 
Kennedy  has  entered  a  plea  for  the  analytic  study  of  the  memory  im- 
age. Thus  he  says  (p.  484):  "The  general  problem  of  memory,  as 
it  is  now  conceived,  is  that  of  tracing  the  transformations  which  take 
place  in  each  content  as  it  passes  through  time."  But  it  is  evident 
that  Kennedy  still  holds  to  the  necessity  of  an  image  in  the  judgment 
process.  We  quote  from  page  485.  "  In  order  that  a  certain  object 
be  remembered  it  is  necessary  .  .  .  that  some  image  of  it  be  re- 
tained after  it  has  gone."  The  words  "  some  image  of  it  "  leave,  per- 
haps, room  for  misinterpretation:  still  this  author  has  apparently  not 
considered  it  possible  for  a  content  to  be  recognized  without  the  use 
of  a  memory  image ;  nor,  what  is  more,  has  he  considered  it  possible 
for  elementary  contents,  such  as  tones,  to  be  recognized  without  the 
aid  of  a  memory  image  of  their  own  kind.  This  criticism  is,  I  think, 
justified  by  a  statement  on  p.  482,  when,  after  having  distinguished 
'immediate'  from  'mediate'  (conceptual)  memory,  he  says:  "If 
what  we  are  to  remember  is  some  delicate  shading  of  color  or  some 
fine  variation  of  pitch,  it  must  be  recollected  immediately."  Bentley's 
experiments  with  finely  graded  visual  qualities^  and  our  own  with 
finely  graded  tonal  qualities  show  that  recognitory  judgments  in 
which  there  is  no  memory  image  of  the  original  stimulus  are  not  only 
possible  bui  frequent.  This  same  objection  to  Kennedy's  treatment 
arises  as  one  reads  his  discussion  of  the  fading  of  the  image  (p. 
492).  He  urges  that,  until  possible  qualitative  and  quantitative  (in- 
tensive, temporal,  spatial)  variations  of  the  image  are  excluded,  we 

^  The  disparity  extends  also  to  many  of  the  detailed  conditions  of 
experimentation.  For  example,  our  use  of,  a  number  of  irregularly 
placed  standard  stimuli  makes  a  distinct  difference  between  our  tests 
and  those  of  Martin  and  Mueller.  Thus  there  is  no  evidence  in  our 
experiments  of  anything  analogous  to  the  judgments  passed  abso- 
lutely upon  an  isolated  weight. 

"^  Psych.  Rev.,  V,  1898,  477-499.  ^See  especially  pp.  39-40. 
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cannot  be  sure  that  r/n  measures  this  fading.  We  prefer  to  say  that 
t/n  does  not  necessarily  tell  us  anything  at  all  about  the  condition  of 
the  image. 

In  view  of  this  criticism,  we  fail  to  see  how  any  amount  of  tables 
can  furnish  data  for  the  plotting  of  curves  of  qualitative  or  quantita- 
tive change  in  the  image.  The  only  reliable  guide  to  the  transforma- 
tion of  the  memory  image  in  time  is  the  careful  introspection  of  the 
observer  himself.^ 

There  remain  to  be  mentioned  the  experiments  of  Angell  and  Har- 
wood,2  which  are  essentially  similar  to  ours  in  Part  I.  They  involve 
a  study  of  the  discrimination  of  tonometer  clangs  (512-1024  vibs.) 
under  varying  conditions  of  time-interval  (1-60  sees.)  with  reference 
to  the  presence  and  function  of  the  memory  image.  One-half  of  the 
judgments,  however,  are  obtained  under  conditions  of  distraction.  In 
their  summary  of  results  Angell  and  Harwood  assert  that  "no  law  can 
be  laid  down  in  regard  to  a  decrease  in  accuracy  of  the  so-called  tone- 
memory  for  intervals  up  to  60  seconds  ;  the  most  that  can  be  said  is 
that  there  is  a  small  and  irregular  falling  off  for  some  [observers]  and 
no  falling  off  for  others."  On  the  other  hand,  there  is  a  very  marked 
falling  off  in  accuracy  of  judgment  with  increase  of  time  interval  for 
D=o.     This  latter  finding  is,  of  course,  in  agreement  with  Wolfe. 

In  the  second  paper  (p.  58)  Angell  discusses  the  results  gained  by 
the  use  of  various  distractors :  adding,  counting  metronome  beats,  read- 
ing backwards,  listening,  and  clang  discrimination.  Their  outcome 
may  be  gleaned  from  the  following  quotation:  "The  main  conclu- 
sion to  be  drawn  from  the  distraction  experiments  is  that  judgments 
of  tone  discrimination  can  take  place,  and  in  the  majority  of  our  ex- 
periments did  take  place,  without  conscious  comparison  between  the 
present  sensation  and  a  memory  image  of  a  past  sensation." 

One  can  but  regret  that  Angell  did  not  pay  more  attention  to  the 
introspective  evidence.  The  excuse  offered,  viz.,  that  too  much  stress 
upon  the  introspection  would  have  invalidated  the  quantitative  re- 
sults, seems  to  us  to  be  negatived  by  the  evidence  of  our  own  experi- 
ments. In  the  short  intervals  one  can  formulate  the  introspective 
report  entirely  by  '  post  mortem  '  examination.  In  the  longer  inter- 
vals the  introspection  formulates  itself  in  verbal  phrases  as  the  test 
proceeds.  Only  rarely  does  this  process  distract  from  the  decision  at 
the  end  of  the  interval.  The  cases  reported  read  something  like  this: 
"  Image  fluctuated  with  my  breathing.  Got  thinking  about  this  and 
lost  it."  As  was  natural,  this  sort  of  self-consciousness  about  the  ex- 
periment occurred  most  often  in  the  writer's  own  observations.  That 
it  is  not  a  prominent  source  of  error  may  therefore  be  inferred  from 
the  fact  that  his  right  cases  exceed  in  number  those  of  any  of  the 
other  observers. 

1  For  further  discussion  of  these  and  cognate  points  in  Kennedy's 
article,  see  Bentley,  op.  cit.,  p.  13. 
'^t'a.xs  Journal,  XI,  Oct.,  1898,  67;    ibid.,  XII,  Oct.,  1900,  58. 
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chapter  i. 

Experimental. 

The  following  experiments  were  conducted  in  the  acoustic 
room^  of  the  Cornell  laboratory. 

For  convenience  in  discussion  and  tabulation  the  course  of 
experimentation  is  divided  into  two  parts,  the  second  of  which 
is  further  subdivided  into  four  series.  Each  section  will  be 
treated  in  general  as  a  distinct  line  of  investigation. 

Part  I. 

The  experiments  comprised  under  Part  I  are  in  a  certain 
sense  a  repetition  of  one  of  the  series  published  by  Wolfe  in 
1886,^^  but,  as  we  have  already  pointed  out,  our  purpose  is  quite 
different;  we  wish  to  trace  introspectively  the  nature  and 
course  of  the  tonal  memory  image,''  and  to  analyze  the  pro- 
cesses of  judgment.  For  this  reason  our  experiments  are  fewer 
in  number  for  each  observer,  but  especial  emphasis  is  laid  upon 
each  individual  test. 

Instrume7it.  All  the  tones  in  Part  I  are  given  by  an  Appunn 
tonometer  (512-1,024  vibrations)  actuated  by  the  Appunn  bel- 
lows. A  weight  of  4.7  kg.  upon  the  main  bellows  and  a 
weight  of  I  kg.  upon  the  lid  of  the  tonometer  give  satisfactory 
duration  and  intensity.^  On  the  other  hand  we  have  found  it 
very  diflScult  to  obtain  a  suflBcient  number  of  series  of  tones  of 
similar  clang  tint.^  The  tones  finally  chosen  as  standards  are 
612,  724,  832,  928  and  984  vibrations,  denominated  a,  b,  c,  d 
and  e  respectivelj-.  The  difference  (D)  amounts  to  o  or  to  ±  8 
vibs.,  so  that,  besides  the  standards,  there  are  used  the  reeds 
giving  604,  620,  716,  732,  824,  840,  920,  928,  976,  and  984 
vibrations. 

The  choice  of  these  tones  must  be  made  by  laborious  testing  of  the  whole  tonome- 
ter.   It  is  obviously  important  that  at  least  within  a  given  group  (N,  N-l-8i  N  —  8) 

1  This  room  is  not  intended  to  be  sound-proof,  but  it  offers  distinct  advantages  for 
the  prosecution  of  such  studies  as  the  present,  in  view  of  (i)  its  isolation  by  heavy 
walls  from  the  other  parts  of  the  laboratory, (2)  its  length, which  enabled  the  observ- 
ers to  sit  9  meters  from  the  instrument,  where  they  were  not  distracted  by  the  noises 
incidenfto  its  manipulation,  (3)  the  adjustable  hanging  curtains  for  the  elimination 
of  echoes,  and  (4)  the  complete  electrical  connections  with  other  rooms,  more  espe- 
cially with  the  '  registration  room,'  which  enabled  chronometric  readings  to  be 
taken  without  disturbance  to  the  observers.  Practically  the  only  distraction  to  the 
experiment  came  from  sounds  external  to  the  building.  Whenever  such  distractions 
were  reported  the  test  was  thrown  out. 

2  Op.  cit.,  especially  p.  542. 

^We  include  both  the  memory  image  proper  and  the  memory  after- 
image. See  Fechner,  Elemente  der  Psychophysik,  Leipzig,  1889,  2nd 
ed.,  II,  468  ff.,  and  Bentley,  op.  cit.,  p.  15. 

*  More  especially  as  it  is  thus  unnecessary  to  operate  the  bellows 
during  the  clang.  A  single  dov^mward  thrust  of  the  foot  is  made  sim- 
ultaneously with  the  '  ready  '  signal.  This  suffices  to  produce  a  steady 
tone  of  one  second's  duration  beginning  two  seconds  after  the  signal. 

5  Cf.  Stumpf  and  Meyer,  Zeits.  f.  Psych.,  XVIII,  1898,  330. 
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the  qualitative  variation  of  the  stimulus  shall  predominate,  and  that  the  'color' 
variation  shall  be  minimal;  otherwise  there  may  result  a  judgment  based  upon 
the  difference  of  color  and  not  upon  a  true  qualitative  discrimination. 

While  the  groups  selected  are  of  uniform  color,  they  do  not  all  furnish  exactly 
the  D  (8  vibs.)  desired. •  We  prefer,  however,  to  use  these  reeds,  since  their  color 
is  uniform  and  their  deviation  from  the  desired  D  can  be  computed  and  properly 
distributed  in  the  evaluation  of  the  results. 

The  computation  of  the  actual  differences,  plus  and  minus,  from  the  five  standard 
tones  of  the  instrument  was  effected  by  counting  the  beats  between  the  standard  and 
the  next  reed  above  or  below  {i.  e.,  4  vibs.),  and  then  the  beats  between  the  latter 
and  the  reed  supposed  to  give  the  D  required  (S  vibs.).  In  every  case  we  made  four 
counts  of  the  beats,  grouping  by  fours,  and  with  a  stop-watch  took  the  time  con- 
sumed by  56  beats.  In  order  to  avoid  the  irregularities  of  intensity  which  would  en- 
sue were  one  to  actuate  the  reeds  by  the  bellows  for  so  long  a  time  (circa  14  sees.), 
we  applied  to  the  tonometer  a  compressed  air  device  which  furnished  a  steady  and 
adequate  air  supply  at  the  proper  pressure  for  over  20  seconds.  The  results  ob- 
tained by  this  method  showed  the  actual  D's  to  be  as  follows  : 


Dfoi 

■a+, 

7.678  vibs. 

D    " 

a — . 

7.771     " 

D    " 

*+, 

8.000    " 

D    " 

*— , 

6.815     " 

D    " 

c+., 

8.415    " 

D    " 

c— , 

8.664    " 

D    " 

d+,, 

8.271     •' 

D    " 

d—, 

8.456    " 

D    " 

e+, 

10.212     " 

D    " 

^ — . 

7.875     " 

Average,    8.215  J;  .587  vibs. 

Inspection  of  this  list  shows  that  the  average  D  used  is  8.215  vibs.;  the   mean 

variation,  0.587  vibs.;  the  average  plus  D  is   8.515  vibs.;  the  average   minus  D,  7.916 

vibs.    The  influence  of  each  particular  D  on  the  results  will  be  :nentioned  later, 

when  the  influence  of  absolute  pitch  is  discussed. 

Method  of  Procedure  and  GeJieral  Arrangeyytent  of  Tests  in 
Part  I.  During  a  large  part  of  the  experimentation  we  have 
found  it  both  economical  and  entirely  feasible  to  work  with 
three  observers  at  each  sitting  of  one  hour  weekly.  The 
observers  are  isolated  from  one  another  by  large  cardboard 
screens,  and  provided  with  prepared  blanks  upon  which  they 
record  at  the  end  of  each  test,  their  judgment, -equal  (=), 
plus  (+),  minus  ( — ),  or  doubtful  (?),^-their  certainty,  and 
detailed  introspection  as  to  the  course  of  the  image  and  the 
process  of  judgment. 

The  experimenter  gives  the  usual  '  ready  '  signal  two  seconds 
before  the  first  or  standard  stimulus  (N). 

For  the  determination  of  the  length  of  the  intervals  and  of  the  tones  there  is  fas- 
tened to  the  framework  of  the  bellows  immediately  behind  the  tonometer,  an  up- 
right provided  with  a  horizontal  arm  from  which  hangs  a  simple  pendulum.  This 
pendulum  consists  merely  of  a  thread  and  lead  bob  so  adjusted  as  to  swing  in 
seconds.  We  prefer,  for  various  reasons,  a  silent  metronome  of  this  sort  to  the  tick- 
ing metronome  employed  by  Wolfe. 

^  Stutnpf  and  Meyer,  loc.  cit.  p.  327. 

^  lu  the  second  half  of  the  experimentation,  doubtful  tests  are  re- 
peated until  the  observer  makes  satisfactory  judgment,  but  the  number 
and  distribution  of  these  cases  are  recorded. 
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After  waiting  for  an  inter\-al  of  2,  4,  6,  10,  15,  20,  30,  40, 
or  60  seconds,  the  experimenter  gives  the  variable  or  compari- 
son stimulus  (V),  which  is  either  the  same  as  N  (D=o),  or 
higher  (D^-)-8),  or  lower  (D  =  —  8).  No  ready  signal  is 
given  before  V,  even  in  the  long  intervals.  The  reasons  for 
this  are:  first,  that  the  speakhig  of  a  '  ready  '  or  '  now '  at  the 
end  of  the  interval,  when  the  subject  is  attending  '  with  might 
and  main  '  to  the  memor}^  image,  proves  to  be  a  distraction 
rather  than  a  help  ;  while,  secondly,  the  slight  but  unavoidable 
noise  of  pumicing  the  bellows  for  Y,  which  the  experimenter 
soon  comes  to  produce  quite  uniformly  and  at  a  constant  time 
before  V,  affords  an  entirely  adequate  and  yet  unobtrusive  sig- 
nal for  the  attention  of  the  subject  to  the  second  tone.  Both 
stimuli  last  one  second,  as  nearly  as  the  operator  can  manipu- 
late the  stops  in  time  to  the  swing  of  the  silent  metronome. 

The  further  arrangements  of  the  tests  of  Part  I  may  be  sum- 
marized as  follows.  In  each  hour  of  experimenting,  each  ob- 
server is  given  each  one  of  the  standard  tones,  a,  b,  c,  d,  e, 
three  times;  once  followed  by  V=:N,  once  by  V=N-|-8  vibs., 
once  by  V=N — 8  vibs.  The  order  is,  of  course,  quite  irregu- 
lar, though  the  same  for  each  observer  in  a  given  test,  and  care 
is  taken  that  the  same  N  is  never  given  twice  in  succession; 
for  our  preliminary  tests  show  that  many  observers,  even  after 
spending  two  or  three  minutes  in  writing  their  introspection, 
are  able  to  identify  a  repeated  N  as  identical  with  that  of  the 
preceding  test.-^ 

Several  weeks  were  given  to  preliminary  determinations'* 
both  for  the  sake  of  practicing  the  observers  and  in  order  to 
settle  upon  favorable  detailed  conditions  of  procedure.  After 
this  practice  period,  to  the  results  of  which  we  shall  make  in- 
cidental reference,  the  experiments  proper  of  Part  I  began. 

Part  I  is  practically  subdivided  in  point  of  time  into  a  first 
and  a  second  half.  In  the  first  half  the  intervals  (time  elapsing 
between  N  and  V)  are  taken  up  in  the  order  2,  60,  4,  40,  6,  30, 
10,  20,  15;  in  the  second  half  exactly  the  reverse  order  is  main- 
tained. The  object  of  this  arrangement  is  to  distribute  as 
evenly  as  possible  whatever  practice  effects  might  persist  after 
the  termination  of  the  preliminary  period  especially  designed  to 
familiarize  the  observers  with  the  work.  The  results  later  to 
be  discussed  show  that  the  practice  curve  does  gradually  rise 
during  at  least  the  first  half  of  Part  I. 

It  is  obvious  that  the  number  of  tests  for  each  interval  is 

^  The  extent  to  which  the  constant  use  of  one  or  a  very  few  standards 
may  affect  the  observer's  judgments  is  well  exhibited  in  the  analyses 
of  Martin  and  Miiller,  op.  cit.,  43  ff. 

2  These  include  tests  with  4  and  8  vibs.  D  at  10  and  20  sees,  interval, 
and  tests  of  distractors,  especially  reading. 
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doubled  by  the  arrangement  just  mentioned.  Accordingly 
each  of  the  six  obser^'^ers  passes  15X2,  30  judgments  upon  each 
one  of  the  nine  intervals,  so  that  the  total  number  of  tests  re- 
presented in  Part  I,  for  all  subjects  and  aU  intervals,  is  1,620. 
The  number  of  cases  for  each  time-interval,  180,  is  relatively 
small  as  compared  with  the  enormous  number  of  tests  which 
man}'  investigators  hav^e  employed  when  working  by  the 
method  of  right  and  wrong  cases,  but  we  do  not  wish  to  place 
any  high  degree  of  insistence  upon  the  generalizations  which 
we  shall  base  upon  purely  quantitative  results,  since  our  im- 
mediate purpose  is  analytic.  We  are  interested  rather  in  the 
structure  of  the  conscious  processes  which  run  their  course  dur- 
ing the  time-interval  and  during  the  formation  and  expression, 
whether  by  word  of  mouth  or  reaction  movement,  of  the  judg- 
ment w^hich  terminates  each  test.  We  insist  that,  from  this 
point  of  view,  mere  numbers  are  not  an  essential  to  the  legiti- 
mate conduct  of  the  psychological  experiment;  on  the  con- 
trary, given  the  proper,  the  optimal  conditions  (of  practice, 
attention,  etc.),  each  test  which  includes  the  careful  introspec- 
tion of  a  trained  observer  has  a  right  to  demand  for  itself  a 
hearing,  to  be  regarded  as  a  datum.  Every  such  test  counts 
for  one  experiment. 

Subjects.  The  subjects  in  the  experiments  of  Part  I  are  all 
students  in  Cornell  University  who  have  had  training  both 
in  general  psychology  and  in  the  introspection  of  laboratory 
drill  work.  Since  the  investigation  of  any  such  problem  in 
acoustics  as  the  one  here  presented  must  take  into  account,  in 
a  rather  detailed  manner,  the  musical  training  of  the  persons 
concerned,  it  seems  too  vague  to  classify  the  subjects  roughly 
as  '  musical '  or  '  unmusical '  ;  hence  there  follows  a  brief 
'  musical  history '  of  the  six  subjects  who  participated  in 
Part  I. 

1.  M.  (Miss  M.  F.  McClure),  a  few  piano  lessons  ;  has  studied  harmony;  a  slight 
acquaintance  with  the  banjo  and  mandolin  ;  sings  alto  or  low  soprano  parts  ;  car- 
ries airs  very  easily;  generally  fond  of  music,  especially  of  church-organ  or  orches- 
tral effects,  which  often  incite  brilliant  photisms.^  Introspection  painstaking  and 
detailed,  but  liable  to  be  influenced  at  times  by  suggestion.  Generally  alert  men- 
tally. 

2.  W.  (Mr.  J.  H.  Wilson).  Non-musical  family  ;  no  lessons  in  singing  or  upon  any 
musical  instrument ;  very  fond  of  music  ;  prefers  piano  to  any  single  instrument, 
the  orchestra  to  the  brass  band ;  whistles  and  hums  popular  airs  a  great  deal.  De- 
spite certain  of  these  indications  ff  must  be  classed  as  strictly  unmusical,  as  will 
be  shown  by  many  features  of  his  introspection.  Unfortunately  his  absence  during 
the  second  year  of  experimentation  forestalled  a  series  of  subsidiary  tests  which 
had  been  planned  to  elucidate  some  of  his  peculiarities.  Tendency  to  retain  N  by 
aid  of  articulation.2  Very  slow  and  cautious  in  judgment ;  of  a  distinctly  phleg- 
matic type. 

ipora  detailed  account  of  the  photisms  and  allied  phenomena  of  TV/,  see  this 
Journal,  X,  1900,  31S. 
2  Actual  articulation  or  humming  was,  of  course,  excluded. 
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3.  5'.  (Miss  Claire  Seymour).  Unmusical,  as  were  her  parents;  piano  lessons 
when  from  12  to  15  years  old,  including  moderately  difficult  selections,  but  these 
were  invariably  acquired  by  committing  to  memory  the  appropriate  keys  ;  cannot 
recall  at  will  more  than  a  dozen  notes  of  any  selection  however  many  times  it  has 
been  heard.  One  term  singing  lessons;  sings  soprano,  but  only  when  in  a  loud 
chorus  and  '  carried  along  '  by  the  others.  Very  fond  of  music  ;  prefers  church 
organ,  orchestra,  and  male  voices.  Strong  liking  for  all  low  tones  on  account  of 
their  fullness  and  cool  soothing  character.  When  a  child,  emotional,  thrilling  music, 
— especially  that  in  which  low  tones  predominated, — aroused  photisms  which 
formed  quite  an  important  mental  feature  for  about  two  years.  Early  in  the  course 
of  these  experiments  5  developed  visualizations  which  came  to  be  uniformly  pres- 
ent, and  which  at  times  served  as  a  basis  for  judgment.  These  will  be  discussed  later. 
S,  as  above  mentioned,  also  associated  temperatures  with  tones.  High  tones  were 
warm  and  unpleasant,  low  tones  cool  and  pleasant  (like  the  bathing  of  hands  and 
face  in  cool  water).  Tests  of  S's  photisms  revealed  nothing  worthy  of  detailed 
mention.  Introspection  good,  though  occasionally  restricted  by  a  spirit  of  compe- 
tition ;   S  worried  to  think  other  observers  might  be  getting  more  right  cases. 

4.  F.  (Mr.  H.  H.  Foster).  Distinctly  musical.  Training:  the  usual  vocal  instruc- 
tion in  public  schools  supplemented  by  about  six  years  private  lessons.  Voice,  bass 
(.ff  to  (?');  uses  solmization.  Occasional  obsessions  of  'tunes  in  the  head.'  Plays 
violin  often,  piano  less  often.  Strong  tendency  to  fix  the  pitch  of  N  by  humming. 
Introspection  quite  good,  but  of  a  general  sort,  lacking  finer  details;  constitutionally 
tired. 

5.  L.  (Mr.  E.  T.  Lies).  Mother  musical ;  father  fond  of  music,  but  not  a  musician. 
L  took  piano  and  organ  lessons  for  eight  years;  early  taughtto  sing;  has  done  a  large 
amount  of  singing  in  choirs  and  choruses,  for  a  time  being  organist  and  chorister. 
Voice  baritone  (G  to  d').  Cannot  commit  to  memory  easily ;  prefers  orchestral 
music  in  general,  and  always  harmonic  music  to  solos  of  any  sort.  Frequent  obses- 
sions of  '  tunes  in  the  head,'  mostly  instrumental  music  ;  a  single  selection  is  apt  to 
prevail  for  one  or  two  days.  Introspection  rather  scanty,  stereotyped,  and  subject 
to  logical  bias,  e.g.,  that  judgment  was  impossible  without  conscious  comparison. 

6.  Mil.  (the  writer).!  Distinctly  musical  ;  plays  piano,  banjo,  mandolin  and  guitar  ; 
sings  baritone  ;  has  had  vocal  instruction.  Auditory  imagery  generally  prominent; 
centrall}'  excited  tonal  imagery,  both  vocal  and  instrumental,  melodic  and  har- 
monic, very  prevalent,  especially  when  incited  by  any  sort  of  rhythmic  action,  such 
as  walking  or  eating.  The  presence  of  so  much  auditory  imagery  is,  as  might  be 
expected,  the  correlate  of  a  well  developed  capacity  to  reproduce  all  sorts  of  music 
at  will.  From  continual  service  as  experimenter  as  well  as  observer,  Wh  natur- 
ally obtained  a  very  high  degree  of  practice.  There  is  no  vestige  of  memory  for 
absolute  pitch. 

(To  translate  this  classification  of  the  subjects  for  comparison  with  the  German 
standards,  we  should  say  that  IV  and  S  are  hopelessly'  '  unmusikalisch  ;'  A/  is  also 
strictly  speaking  '  unmusikalisch,'  though  possibly  ranking  as  '  wenig  musi- 
kalisch.'  X,  ^,  and  Wh  would  be  '  rausikalisch '  in  any  German  monograph,  but 
they  have  perhaps  none  of  them  been  favored  with  so  many  opportunities  to  listen 
to  good  music  as  would  be  implied  by  the  connotation  of  the  German  adjective.) 

Results  of  Part  I.  It  follows,  both  from  the  general  object 
and  nature  of  these  researches,  as  well  as  from  the  wide  varia- 
tion of  the  capacities  of  the  observers  to  image  tones,  that  the 
general  crude  results  of  the  experiments  are  of  relatively  less 
importance  than  the  more  distinctly  analytic  data  which  we 
shall  present  for  the  most  part  under  the  heading  ' '  dependence 
upon  the  individual. ' '     Yet  the  individual  variations  must  be 

1  Our  thanks  are  due  to  Mr.  W.  B.  Secor  for  serving  as  operator  for  IVh.  during 
Part  I,  and  to  Dr.  W.  C.  Bagley  for  a  similar  service  in  Part  II. 
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discussed  in  the  light  of  the  general  and  average  results,  and, 
moreover,  despite  the  smaller  number  of  cases,  we  believe  that 
the  numerical  results  are  worthy  of  consideration  as  regards 
their  relation  to  the  Tables  obtained  under  similar  conditions 
by  Wolfe  and  by  Angell  and  Harwood. 

Tabi,e  I.*     (1620  tests.) 


u     . 

D 

=  0 

D 

=  +  8 

D 

=  

8 

■4-1 

Si     • 

Total 

4;.^ 

^-3 

right 

0  > 

1—1 

r 

+ 

— 

r 

=   — 

r 

= 

+ 

Q 

cases. 

2 

51 

6 

3 

39 

8   13 

40 

8 

12 

0 

130 

4 

4S 

6 

6 

43 

10    7 

35 

15 

9 

I 

126 

6 

45 

6 

9 

42 

9    9 

32 

20 

8 

0 

119 

10 

45 

7 

8 

39 

10   10 

38 

17 

5 

I 

122 

15 

49 

6 

5 

42 

6   12 

37 

14 

9 
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128 

20 

40 

14 

6 

3» 

14    8 

31 

17 

II 

I 

109 

30 

30 

20 

10 

37 

14    9 

34 

18 

8 

0 

lOI 

40 

34 

9 

16 

31 

20   8 

40 

II 

9 

2 

105 

60 

29 

12 

19 

32 

12   14 

3^^ 

14 

8 

4 

97 

Total, 

371 

86 

82 

343 

103   90 

323 

•134 

79 

9 

1037 

*r  denotes  the  number  of  right  cases,  -I7  the  judgment  'higher,'  —  the  judgment 
'  lower,'  and  =  the  judgment  '  equal.'  The  nine  doubtful  cases  are,  for  convenience, 
given  in  a  single  column.     For  their  distribution,  see  below. 

Table  I  gives  the  distribution  of  the  judgments  of  all  six 
observers  for  the  tests  of  Part  I.  Attention  is  called  to  the  fol- 
lowing numerical  features: 

I.     The  right  cases: 

{a)  Increase  of  time-interval  causes  a  general  decrease  in  the 
total  miviber  of  right  cases.  At  two  points ,  however  (^i^  arid  ^o 
seconds^  ^  the  curve  is  peaked. 

((^)  Both  the  general  decrease  and  the  two  points  of  resicrgence 
in  the  total  number  of  right  cases  are  traceable  practically  to  the 
results  for  D=:^o  alone. 

if)  Increase  of  time-interval  effects  a  very  slight  but  fairly  u?ii- 
form  decrease  in  the  right  cases  for  D=:l-\-8. 

{^d^  Increase  of  time-interval  has  practically  no  effect  npon  the 
number  of  right  cases  for  D^  —  8. 

The  fact  that  the  cases  for  D=o  suffer  most  as  time  elapses 
is  in  accord  with  the  results  both  of  Wolfe  and  of  Angell  and 
Harwood.  The  rise  in  this  curve  at  15  and  40  seconds  appears 
to  corroborate  strongly  Wolfe's  contention  for  a  periodic  renewal 
of  the  tonal  memory  image.  We  shall  see  how  further  analy- 
sis of  the  results  bears  out  this  hypothesis. 

((?)  The  total  7tumber  of  right  cases  is  greatest  for  D=^o,  less 
for  D  =-1-  8,  least  for  D  = —  8.  ^     A  similar  result  is  reported  by 

^The  precedence  -which  D  =  -|-8  takes  over  D  = — 8  may  possibly  be 
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Wolfe  (p.  556).  We  may  be  inclined  to  doubt,  however, 
whether  this  fact  signifies  that  judgments  are  passed  with  any- 
greater  accuracy  and  confidence  when  D=o.  For,  leaving  in- 
trospective evidence  out  of  account,  the  Table  shows  that,  with 
D^±8,  the  most  frequent  error  is  the  judgment  'equal.' 
We  may,  therefore,  suspect  that  there  exists  a  general  ten- 
dency to  give  this  decision  in  certain  conditions  of  doubt, — con- 
ditions in  which  the  degree  of  uncertainty  is  not  sufficient  to 
cut  off  the  process  of  judgment  entirely,  i.  e.,  not  sufficient  to 
be  actually  registered  as  '  doubtful.'  From  data  to  be  pre- 
sented later,  we  find  that  of  the  correct  judgments  of  '  equal ' 
and  '  higher,'  the  same  percentage,  76,  are  certain:  onlj^  66  per 
cent,  of  the  correct  '  lower '  judgments  are  also  certain. 

2.     The  errors. 

{a)  The  errors  in  the  order  of  their  fj^eqtieyicy  are —  =,^  -|-  ^, 
-| ,  ^-|-,  = — , [-■■  i^^^  ^^^^  four  in  nearly  the  same  fre- 
quency. We  have  just  remarked  upon  the  relatively  great 
frequency  of  the  first  two  errors,  due  to  the  tendency  to  pro- 
nounce two  impressions  alike  when  the  difference  between 
them  is  not  clearly  made  out.  We  shall  see  the  force  of  this 
point  when  we  discuss  the  introspection  of  the  subjects. 

(^b)  The  frequency  of  the  e7'ror=  —  iyicr  eases  nearly  7inifornily 
with  the  time-interval  employed.  It  is  the  stnallest  source  of  error 
at  2  seconds,  the  greatest  at  60.  It  is  very  difiicult  to  see  how 
this  fact  could  be  explained  by  Wolfe's  theory^  that  the  memory 
image,  as  it  declines  in  intensity  and  clearness,  is  underesti- 
mated in  pitch.  Now  it  is  true  that  our  total  =-|- error  is  86 
as  against  82  for  =  — ,  but  the  former  error  exhibits  no  gradual 
increase  with  time,  although  it  is  entirely  reasonable  to  suppose* 
that  increase  of  the  time-interval  would  emphasize  gradually  any 
such  error  of  underestimation.  The  possible  solution  that  the 
observers,  fearing  that  the  image  was  flatting  as  well  as  losing 
in  intensity,  made,  as  time  passed,  an  increasinglj^  strong 
effort  to  hold  it  to  pitch,  and  thereby  actually  sharped  it,  is 
shown  by  our  tests  to  be  the  true  solution  in  the  case  of  some 
observers. 

(<:)  The  er7'or-\ is  somewhat  more  co77i7no7i  tha7i  the  error 

f- ;    7ieither  is  7ioticeably  affected  by  the  lapse  of  ti77ie. 

J.      The  7ii7ie  doubtful  cases  are  contributed  one  each  from  M, 

ascribed  to  the  fact  that,  as  is  pointed  out  above  (p.  — ),  the  average 
plus  D  is  really  greater  than  the  average  minus  D.  Wolfe  assigns  the 
precedence  to  underestimation  of  the  image, 

^  That  is,  the  judgment  '  equal  '  is  given  when  D  is  — 8,  etc.  When 
=precedes,  it  means  that  V=N,  i.  e.,  D=o  is  given. 

2  Op.  cit.,  p.  556. 

^Wolfe's  Table  (p.  562J  unfortunately  does  not  show  the  distribution 
of  errors  by  time-interval. 
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JV,  and  5,  two  from  L,  and  four  from  F,  the  standards  being 
once  e,  twice  c,  and  six  times  d.  There  are  14  doubtful  cases  in 
the  second  half,  not  indicated  in  Table  1/  one  from  F,  four 
from  L,  nine  from  5".  Then  the  standards  were  three  times  a, 
once  d,  once  c,  six  times  d,  and  three  times  e. 

^.  Dependence  7ipon  practice.  By  comparing  the  results  of 
the  first  and  second  half  of  the  work  which  is  represented  in  toto 
hy  Table  I,  it  can  be  shown  that,  despite  the  preliminary- 
period  designed  to  familiarize  the  observ^ers  with  the  experi- 
ments, practice  does  lessen  the  total  number  of  errors  of 
each  type  (save  that  of  -\-  =,  which  is  increased  in  the  second 

half  of  the  year's  experimentation).     The  error -| is  reduced 

nearh'  one-half.  The  total  number  of  right  cases  is  increased 
for  everj^  interval  except  20  seconds.  This  exception  is  due  to 
extraneous  conditions,  being  directly  traceable  to  the  fact  that, 
on  the  second  occasion  of  this  test,  one  observer  was  "  very 
hungry,"  another  "  tired,  cross  and  sleepy."  The  practice  ef- 
fect is  almost  entirel)'  confined  to  the  unmusical  observers," 
thus,  the  total  number  of  right  cases  for  M,  IV  and  S  in- 
creases from  198  in  the  first  half  to  238  in  the  second,  t.  e., 
about  20%  ;  whereas  the  total  number  of  right  cases  for  F,  L 
and  Wh  increases  only  from  298  to  303,  i.  e.,  less  than  2%. 
There  is  no  uniformity  as  regards  the  nature  of  the  improve- 
ment. The  chief  gain  during  the  second  half  is  for  AI,  with 
D  =  +  8;  for  ^i/,  with  D=o;  for  5,  /^and  Wh,  with  D  ==  —  8  (/^, 
bj'  decreasing  the  error — =,   5"  and  Wh  by  decreasing  both 

the  errors,  — =  and 1-).  L  shows  no  practice  eflfect;   on  the 

contrar)^  he  loses  ground  slightly  for  every  type  of  D.  We 
believe  that  in  so  far  as  regularity  of  quantitative  results  is 
desired,  it  would  be  advisable  to  train  unmusical  subjects  by 
systematic  coaching  in  sensible  discrimination;  i.  e.,  by  a  series 
of  preliminary  tests  in  which  any  erroneous  judgment  is  imme- 
diately corrected.^  We  did  not  adopt  this  course,  because  it 
threatened  to  interfere  with  the  natural  development  of  the 
judgment  consciousness  which  it  was  desired  to  observe. 

5.  Dependeyice  tipon  absolute  pitch.  Within  the  octave  em- 
ployed (512  to  1,024  vibs. )  there  is  no  observable  dependence 
upon  pitch.  This  is  clear  from  a  glance  at  the  '  total '  column 
of  Table  II.  It  is  more  dif|cult  to  assign  the  effect  of  the  varia- 
tions in  the  various  values  of  D  from  the  8  vibs.  theoretically 
given  (seep.  417).  Apparently  the  low  value  of  b — (6.815 
vibs.)  does  diminish  the  number  of  right  cases,  for  in  108 
trials  it  is  correctly  judged  but  52  times;  and,  what  is  more 

^See  footnote  p.  417. 
^C.  Stumpf  :  Tonpsychologie,  I,  321. 

^  On  the  effect  of  such  a  training  by  the  method  of  partial  knowledge, 
see  Martin  u.  Miiller,  op.  cit.,  195-6. 
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Table  II 

{Right  cases 

byp, 

itches. 

{108 

cases  each.) 

Standard. 

D:=:0. 

D  =  -|r8 

D  =  — 8. 

Total, 

a 

69 

82 

69 

220 

b 

77 

77 

52 

206 

c 

81 

60 

65 

206 

d 

66 

54 

69 

189I 

e 

78 

70 

68 

216 

Average,  74.2  68.6  64.6  207.4 

significant,  the  error —  =  is  recorded  40  times,  that  of [-but 

16.  In  other  words,  the  uncommonly  small  olDJective  value  of 
D  in  this  instance  favors  the  judgment  '  equal.'  On  the  other 
hand,  the  rather  large  D  in  the  case  of  <?-[- (10.212  vibs. )  does 
not  increase  the  number  of  right  cases:  there  are  even  12 
more  right  cases  with  a-\-  (7.668  vibs.)  than  with  e-\-. 

6.  Dependence  upon  the  individual, — the  introspection.  The 
individual  variations  in  the  numerical  results  can  be  properly 
understood  only  in  the  light  of  the  introspective  data,  for  the 
variations  in  the  methods  of  judgment  and  capacities  for  reten- 
tion of  different  observers  lead  to  widely  divergent  results 
under  different  conditions  of  experimentation.  We  shall,  there- 
fore, consider  in  this  place  not  only  the  quantitative  depen- 
dence of  the  results  upon  the  individual  observer,  but  also  those 
questions  which  can  be  answered  only  by  the  aid  of  introspec- 
tion. The  two  chief  questions  are:  (i)  what  is  the  nature  and 
the  course  of  the  tonal  memory  image,  and  (2)  what  is  the 
nature  of  the  judgment  process  ? 

In  order  to  facilitate  the  introspection  generaUy,  to  avoid  stereotyping,  and  to 
direct  the  attention  upon  all  the  points  at  issue,  a  placard  containing-  a  full  list  of 
these  points  was  hung  before  the  observers,  and  they  were  requested  to  glance  over 
it  from  time  to  time  between  the  tests.  We  believe  that  the  wide  range  of  the  topics 
thus  presented  accomplished  the  object  intended  without  introducing  the  error  of 
'  suggesting  '  any  particular  introspective  verdict  whatsoever.  The  card  read  as 
follows  :  Image  :  beginning,  timbre,  localization,  constancy  (pitch,  intensity,  clear- 
ness), muscular  strains,  associations  (colors,  words,  etc.),  attention  strains.  Judg- 
ment:  time,  certainty,  terms  (tonal,  verbal,  muscular,  affective,  spatial).  It  was, 
of  course,  not  to  be  supposed  that  any  large  number  of  these  points  could  be  noted 
in  a  single  introspective  report,  but  they  could  all  be  noted  in  the  course  of  three  or 
four  tests.  Further,  during  the  larger  part  of  the  experimentation,  a  consultation 
was  held  with  each  observer  immediately  at  the  close  of  the  hour's  work  :  his  re- 
ports were  carefully  examined,  and  he  was  questioned  upon  the  obscure  details. 
Here,  also,  the  utmost  care  had  to  be  used  to  coach  the  observers  without  'suggest- 
ing '  the  results  to  be  found.  Thus,  after  hinting  at  the  possibility  of  a  purely  •  ver- 
bal '  type  of  judgment,  M  reported  eight  of  this  sort  in  the  next  set  of  15.  Sugges- 
tibility of  this  kind  must  be  met  by  counter-suggestion.  Three  general  sources  of 
difiBculty  were  encountered  iu  the  early  course  of  the  investigation,  but  they  were 
successfully  eradicated.  These  were  (i)  a  tendeucj'  to  stop  to  introspect  during  the 
time-interval,  (2)  a  tendency  to  too  long  after-introspection,  and  (3)  a  tendency  to 
anticipate  the  relation  of  the  coming  V  to  N,  e.  g.,  "  This  will  be  'plus.'  " 

1  Compare  the  large  number  of  doubtful  cases  with  d,  p.  423. 
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A.  The  Memory  Image. 

Observer  M. 

The  following  propositions  maybe  laid  down  concerning  the  origin 
and  course  of  the  image  in  the  case  of  M: 

1.  The  standard  (N)  usually  arouses  either  («)  photisms.^  {b)  strain 
sensations,  or  {c)  associations  (commonly  personifications). 

Examples  are  :  {a)  purple,  dark  rich  blue,  thin  steely  blue,  horrid 
yellowish  green,  "darkness  of  the  field  stirred."  (<5>)  "  Both  tones 
seemed  to  be  felt  in  brows."  "  N  high  and  thin  :  strain  in  my  head  as 
if  trying  to  reach  it."  {c)  "Far  away  as  if  coming  through  a  fog." 
"  L/ike  a  tall, well-built  woman  with  dark  hair  and  clean-cut  features. "^ 
"  Made  me  cross,  like  a  gruff,  disagreeable  old  man."  "  Sharp  like  a 
butcher's  knife  "  (visualized).  "  Extremely  smooth  and  pleasant  like 
a  still  pond  in  warm  sunshine  in  summer." 

2.  After  the  cessation  of  N  there  is  a  short  interval  (about  one 
second)  devoid  of  auditory  filling.     The  image  then  "  emerges." 

3.  The  image  is  almost  invariably  of  the  timbre  of  the  tonometer. 

The  three  exceptions  noted  are  :  "  Image  in  terms  of  my  voice  sup- 
ported by  movement  and  strain  in  throat."  "Effort  to  remember 
N  by  translating  it  from  tone  of  instrument  to  tone  of  my  own  voice; 
strain  in  throat."^     "  Image  had  timbre  of  instrument  and  my  voice." 

4.  The  image  is  localized  (a)  commonly  at  the  back  of  the  room,  i. 
e.,  at  the  actual  source  of  sound  ;  {b)  very  frequently,  however,  some- 
where in  the  head  ;  (<:)  occasionally,  N  seems  to  affect  one  ear  only, 
and  then  the  image  is  apt  to  be  localized  there. 

Illustrations:  "  Through  middle  of  head."  "Just  above  eyes,  in- 
side." "  In  ears  :  thought  of  ears  when  trying  hard  to  recall  it."  "  N 
especially  strong  in  right  ear,  and  image  rang  in  right  ear  all  the 
time.  The  memory  of  N  seemed  to  be  all  in  the  right  side  of  my 
head."  "  N  filled  both  ears  as  a  cork  would  fill  a  bottle.  I  felt  as  a 
bottle  must  when  the  cork  is  put  in." 

5.  Variation  in  the  image. 

(a)     Qualitative  variation  is  but  once  noted. 

"During  the  interval  an  'after-image  '  of  the  tone  of  the  previous 
test  returned,  and  I  got  mixed  up,  but  at  V  the  real  image  of  this  test 
appeared."  A  quasi-qualitative  shift  is  thus  indicated:  "Image  al- 
most lost  once,  but  recalled  by  slight  muscular  strain  and  visual  aid 
(eye  feeling  as  if  it  were  going  down  the  scale  and  running  over  two 
or  three  notes  as  it  neared,  passed  and  returned  to  the  right  note)." 

{b).  (I )  Variation  in  intensity  (' fluctuation ')  is  first  noted  in  the 
six-second  interval  ;  it  is  quite  common  at  10  seconds.  (2)  From  two 
to  four  fluctuations  (periodic  increase  and  decrease  of  intensity)  are 
recorded  at  10  seconds,  from  four  to  seven  at  20  seconds,  etc.     (3)  At 

'  Af  was  seated  before  a  window  screened  by  a  yellowish  green  shade,  so  that  the 
closing  of  the  ej'es  for  each  test  may  have  induced  a  positive  or  negative  after- 
image which  suggested  these  photisnis.  The  colors  observed  are.  however,  too 
varied  in  quality  and  too  uniform  in  their  temporal  connection  with  N  to  be  fully  ex- 
plained in  this  way.  While  the  color  clouds  rareU'  plaj-  any  part  in  the  judgment, 
other  visualizations  do  so.  At  times  V  arouses  a  photism  different  from  that  of  N. 
For  a  detailed  investigation  of  A/'s  photisms,  see  this  Journal,  XI,  1900,  377  ff. 

-Id  this  instance  V  had  the  same  '  feeling,' and  the  judgment  was  based  upon 
these  associations. 

3  Here  the  judgment  was  made  "  b3'  throat  and  vocal  feeling." 

Journal — 2 
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15  seconds  image-less  gaps  begin  to  be  noted.  (4)  At  30  seconds  the 
image  may  have  lost  so  much  of  its  intensity  as  to  be  unserviceable. 
(5)  At  60  seconds  the  image  is  often  gone  beyond  recall.  (6)  In  order 
to  keep  the  image  at  maximal  intensity  recourse  must  be  had  in  in- 
tervals from  10  seconds  up  to  muscular  contraction  (attention  strains) 
in  increasing  degree. ^ 

"  Great  strains  in  face  and  neck  to  hold  image  "  (15  sees.).  "  Held 
breath  to  hold  image."  "  Breathing  interferes  and  causes  fluctuation, 
as  it  loosens  attention  to  have  to  breathe  "  (30  sees.).  "  Could  remem- 
ber N  better  when  I  was  not  breathing;  better  after  taking  a  breath 
than  after  expiring." 

(c).  Variation  in  clearness  is  easily  confused  with  variation  in  in- 
tensity, but  in  the  longer  intervals  the  obscuration  of  the  image  is 
readily  noted. 

"  The  image  fluctuated,  and  each  time  of  its  return  seemed  dimmer 
and  dimmer." 

6.  Relation  of  the  image  to  N  and  V. 

(a).  A  good  image  may  be  constructed  from  a  (subjectively)  unsat- 
isfactory N.  "'Image  good  and  strong  for  such  a  thin  and  disappoint- 
ing tone." 

(b).  The  sounding  of  V  may  either  (i)  revive  or  (2)  dispel  the  image 
of  N. 

"  Image  disappeared  frequently  and  was  faint,  but  V  recalled  it 
stronger  than  it  was  during  the  last  half  of  the  interval."  "  Image 
driven  away  by  the  greater  loudness  of  V." 

Observer  W. 

The  cue  to  the  radical  difference  between  the  nature  both  of  the  image 
and  of  the  judgment  of  W,  as  compared  with  31,  is  to  be  found  in  the 
difference  in  the  type  of  the  two  individuals.  IV  \s  phlegmatic,  71/ vi- 
vacious ;  IV  \s  distinctly  unmusical,  3T  rather  musical.  For  Jf^the 
course  and  nature  of  the  image  maj'  be  summarized  thus  : 

1.  The  standard  (N)  usually  arouses  {a)  pleasantness  or  unpleasant- 
ness, or  (^)an  organic  '  set;'  much  less  frequently,  (r)  a  visualization^ 
(never  photisms),  and  very  rarely  {d)  miscellaneous  associations 
(never  personifications). 

Examples  are  :  (a)  "  Pleased  at  N,  and  said  'now  it  will  not  be  so 
hard  to  distinguish  the  next  one,"  {b)  "  N  caused  a  sort  of  shudder, 
but  yet  it  was  not  unpleasant."  "  Caused  a  twitch  in  my  ear."*  i^c) 
"  Visualized  the  tonometer."  "  Saw  indistinctly  a  big  round  vortex 
ring  with  waving  circumference,  back  of  me  over  the  tonometer."  (d) 
"  I/ike  a  whistle."     "  Verbal  association,  '  clear  as  a  marriage  bell.'  " 

2.  The  image  never  appears  at  once.  The  image-less  period  is  ordi- 
narily estimated  at  one  second,  but  it  may  be  somewhat  longer  (five 
seconds),  and  the  formulation  of  the  image  takes  place  so  slowly  that 

lit  seems  very  probable  that  the  large  increase  of  the  error  =  — at  30,40  and  60 
seconds  is  due  to  an  unconscious  sharping  of  the  image  during  this  active  effort  to 
hold  it. 

-  In  contrast  to  AT,  It'  never  has  a  visualization  with  V,  and  has  no  sort  of  visual 
element  in  the  judgment  process. 

^  C/.  Stumpf :  Tonpsychologie,  I,  i58  f . 
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with  the  two-seconds  interval  there  is  frequently  no  image  during  this 
time. 

A  curious  filling  of  the  image-less  gap  is  once  reported  :  "At  cessa- 
tion of  N,  I  heard  the  operator  say  'ready,'  visualized  him  pulling  the 
stop,  then  the  image  appeared,"  /.  e.,  the  image  appeared  only  after  a 
recapitulation  of  the  whole  experience  of  its  production. 

3.  The  image  is  always  of  the  timbre  of  the  tonometer. 

4.  The  location  of  the  image  is  invariably  at  the  back  of  the  room, 
and  is  often  maintained  there  by  the  visualization  of  the  instrument, 
as  above  mentioned. 

5.  Variation  in  the  image. 

(a").  Qualitative  variation  is  but  once  reported,  and  in  this  case  there 
is  rather  uncertainty  from  the  beginning  than  a  shift  during  the 
period. 

"  Did  n't  get  first  tone  well  in  mind.  I  had  an  argument  with  myself 
whether  it  was  a  certain  tone  or  not,  and  then  I  got  more  and  more 
certain  of  it  as  time  went  on.  I  used  the  image  in  the  judgment" 
(which  was  incorrect). 

(d).  (i)  Variation  in  intensity  appears  as  soon  as  an  image  appears, 
i.  e.,  in  the  four-second  interval.  (2)  The  image  may  be  entirely  gone 
at  the  end  of  the  six-second  interval.  (3)  Image-less  gaps  of  five  sec- 
onds duration  are  reported  in  the  30  second  interval.  (4)  At  40  and  60 
seconds  images  are  almost  always  said  to  be  present,^  but  the  greater 
part  of  them  are  rated  as  '  bad.'  {$)  Attention  strains  appear  at  10 
seconds,  and  are  characteristic  of  all  intervals  longer  than  that. 

"  Held  breath  to  keep  image."  "  Great  frowning  to  hold  image." 
"  Tendency  to  produce  sound  in  my  throat  when  I  wa,nted  to  bring 
back  image."     "  Fluctuation  seemed  to  go  about  with  my  breathing." 

(c).  Two  cases  of  shift  in  clearness  appear  to  refer  to  an  illusory 
bettering  of  the  image  with  time. 

"After  a  period  of  fluctuation,  image  seemed  to  get  clearer,  more 
distinct."  (40  sees.). 

6.  Relation  of  the  image  to  N  and  V. 

(a).  V  often  (i)  dispels  the  image,  but  (2)  more  frequently  it 
'  recalls  '  it. 

"  Second  tone  broke  up  the  image."  The  recall  is  noted,  e.  g.,  in  the 
twoseconds  interval  when  noimagehad  formed.  Here  the  sounding  of  V 
is  said  to  make  an  image  of  N  appear.  The  recall  is  also  noted  very  fre- 
quently in  the  long  intervals  when  the  image  has  practically  disap- 
peared in  the  meantime.  The  excellence  of  a  '  bad  '  (during  the  inter- 
val) image  which  is  recalled  at  the  end  of  60  seconds  by  the  variable  tone 
may  be  questioned.  How  sh.all  we  estimate,  for  example,  the  value  of 
the  use  of  the  image  thus  described  :  "  Had  an  image  of  the  tone 
pretty  well  at  first,  but  it  fluctuated  and  I  could  hear  only  the  high 
part  of  it,  and  could  not  tell  its  timbre  until  I  heard  V.  Then  I  remem- 
bered about  how  N  sounded,  and  made  a  judgment  by  comparing  the 
two  tones?"  This  instance  bears  out  our  previous  supposition,^  for  it 
leads  one  to  suppose  that  the  auditory  elements  ("timbre")  of  the 

1  There  is  reason  to  believe,  as  will  be  shown  later,  that  W  overrates  the  excel- 
lence of  his  images  in  these  cases,  and  that  he  may  consider  an  image  to  be  present 
when  there  is  little  or  no  trace  of  the  auditory  core,  but  perhaps  simply  an  organic 
complex,  strain  in  throat,  forehead,  etc. 
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original  complex  have  disappeared,  while  the  organic  or  strain  sen- 
sations ("the  high  part  of  it")  remain  and  are  attended  to  as  the 
image. 

Observer  S. 

1.  N  usually  arouses  either  (a)  photisms,^  (d)  pleasantness  or  un- 
pleasantness, or  (^)  associations  (largely  of  visualized  geometrical 
forms,  less  often  personifications). 

Examples  are:  (a)  heliotrope,  pale  green,  reddish  brown,  yellow 
line  on  a  dark  background.  ((^)  "  Low  and  strong  and  pleasant." 
Low  tones  are  uniformly  pleasant,  high  ones  mostly  unpleasant.  (^) 
"  Like  two  curved  lines  or  rather  what  was  contained  between  them. ; 
much  clearer  in  center  and  growing  fainter  along  edges."  "  Soothing 
like  cool  water,  and  more  like  a  round  ball  than  a  line."  "Image 
seemed  like  a  woman,  perhaps  a  woman's  voice."  "  Visualized  a  boy 
blowing  a  '  squawker,'  quite  amused."^ 

2.  There  is  always  an  interval  without  any  auditory  filling  imme- 
diately after  N.  Its  length  is  variously'  estimated  from  a  fraction  of  a 
second  to  three  seconds,  usually  at  two  seconds. 

3.  The  image  almost  always  has  the  timbre  of  the  instrument. 
Once  it  "  seemed  in  terms  of   a   horn  "  (with  visualization   of   the 

brass  mouth  of  a  horn).  It  should  be  remembered  that  5"  usually  car- 
ries over  into  the  image  those  phenomena  which  are  aroused  at  N,  so 
that  it  would  be,  perhaps,  misleading  to  describe  the  image  as  a 
merely  auditory  representation  of  the  clang,  e.  g.,  "the  image  had 
something  spatial  about  it  which  grew  larger  and  smaller  each  time 
the  auditory  part  fluctuated."    Similar  illustrations  are  given  later. 

4.  The  location  of  the  image  is  either  (a)  in  space  in  front  of  the 
head  ;^  {b^  somewhere  within  the  head,  or  (t)  very  rarely,  close  to  the 
head,  but  behind  it. 

(a)  "  Outside  on  a  level  with  my  forehead,  having  thiis  a  location 
but  no  form."  ((^)  "  Felt  in  throat."  "  In  ear  and  head."  The  fol- 
lowing is  a  peculiar  combination  of  (a)  and  (^b)  which  is  frequent. 
"  Auditory  image  within  my  head,  but  at  same  time  a  spatial  position 
for  it  outside."     (^)   "  Back,  behind  left  ear." 

5.  Variation  in  the  image. 

(a)  Qualitative  variation  is  extremely  frequent  with  .S",  the  variation 
being  in  every  case  declared  a  flatting  in  pitch. 

"  Image  fluctuated  with  breathing,  and  flatted  slightly.  Did  not  at- 
tempt to  bolster  it  up,  simply  recognized  that  it  was  too  low  and 
made  allowances  in  the  judgment."  (D  =  — 8  given;  judgment 
'equal.')  "  Pitch  fluctuated  a  little,  but  I  managed  to  bolster  it  up 
just  before  V  came."     (Judgment  correct.)     A  quasi-qualitative  varia- 

1  Unlike  M,  S  makes  these  ascriptions  with  considerable  constancy,  e.  g-.,  standard 
a  is  nearly  always  heliotrope  ;  d  is  green,  etc.  On  the  other  hand,  .Sdoes  not  expe- 
rience photisms  outside  of  these  tests.  She  does  occasioualU-  make  use  of  them  in 
the  judgment  process. 

^  These  associations  are  obviously,  like  the  photisms.  determined  by  the  general 
organic  reaction  or  affective  result  of  the  standard.  I^ike  the  photisms,  too,  they 
exhibit  rather  remarkable  constancy,  so  that,  while  totally  unable  to  identify  the 
five  standards  tonally,  iT  did  possess  a  rough  knowledge  of  the  identity  of  the 
standard  by  dint  of  these  associations,  thus,  standard  a  is  always  strong,  cool, 
round  or  heliotrope.  It  must  be  added  that  this  rough  classification  of  the  five 
tones  did  not  avail  iu  making  the  finer  discriminations  required  in  the  tests,  with 
the  exception  of  the  instances  to  be  found  below. 

3  W'hen  the  relation  of  V  to  N  is  based  upon  '  spatial '  relations,  V  is  placed  with 
reference  to  this  situation  of  the  image. 
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tion  iu  quality  occurs  once.  "  Image  seemed  alive  and  trying  to  baf- 
fle me.  I  became  very  angry  and  determined  to  get  ahead  of  it.  It 
danced  up  and  down,  to  and  fro,  and  I  tried  to  make  it  keep  the  place 
assigned  to  it." 

(b).  (i)  Fluctuation  in  intensity,  even  entailing  complete  disap- 
pearance of  the  image  is  reported  at  four  seconds  interval,  and  is 
characteristic  of  all  longer  intervals,  though  the  image-less  gaps  are 
not  common  till  the  intervals  of  15  seconds  and  longer.  (2)  The 
fluctuations  may  be  regular,  coincident  with  breathing,  or  quite 
irregular.  (3)  The  support  of  the  image  by  various  muscular  strains 
begins  at  the  two-seconds  interval,  and  is  a  feature  of  all  the  other 
periods.     (But  see  below,  6). 

"  Held  breath  throughout  interval  "  (two  seconds).  "  Contraction 
in  mj'  throat,  as  if  getting  the  pitch  by  singing,  seem  to  steady  the 
image."  "  Great  strain  around  eyes  to  retain  image."  "Shook  my 
head  to  keep  out  distracting  thoughts."  "Image  disappears  when  I 
exhale.  I  sometimes  '  catch  '  it  by  inhaling  quickly  and  holding  my 
breath." 

(4)  The  auditory  image  may  fluctuate  independently  of  its  visual 
and  other  concomitants,  or  they  may  vary  together. 

"  Image  spatial  and  auditory.  Took  a  definite  position  and  stayed 
there,  though  the  auditory  image  often  faded  away  completely." 
"The  spatial  setting  of  the  image  grew  larger  and  smaller  each  time 
the  auditory  element  varied." 

{c).  Variation  in  clearness  is  rarely  noted,  with  the  exception  of 
obscurations  of  pitch,  when  a  tendency  to  flat  is  suspected. 

6.  Relation  of  the  image  to  V. 

(a)  The  sounding  of  V  (i)  usually  recalls  the  image  ;  rarely  it  (2) 
exercises  an  unfavorable  effect  upon  it. 

(i)  "  Nearly  lost  image,  but  it  came  back  all  right  after  V  ceased." 
A  rather  peculiar  recovery,  in  which  the  reliability  of  the  image  thus 
gained  maj'  be  doubted,  is  the  following:  "Lost  image  entirely 
after  about  three  seconds,  and  did  not  recover  it  again  till  after  V  had 
come.  All  through  the  interval  I  sat  relaxed,  but  confident  that  the 
image  would  come  back."  (30  seconds,  D  =  —8,  indgmunt  '  higher '). 
(2)  "Retained  image,  but  was  unable  to  decide  between  '  plus  '  or 
'  equal  '  because  I  lost  the  image  too  soon  after  V  sounded  to  be  able 
to  compare." 

Observer  F. 

1.  The  standard  never  arouses  associative  phenomena  ;  there  is  only 
an  occasional  unpleasantness  at  'reedy  '  clangs. 

2.  No  mention  is  made  of  an  interval  after  N  free  from  an  image,  but 
the  image  is  said  to  be  weak  just  after  N,  then  "  budding  out." 

3.  The  timbre  of  the  image  is  indifferently  that  of  the  tonometer  or 
vocal,  i^says  he  can  think  tones  vocally  beyond  the  range  of  his 
voice. 

4.  The  localization  is  usually  in  the  left  ear,  less  often  within  the 
head,  occasionally  over  the  tonometer  or  directly  in  front ;  it  may  shift 
during  the  interval. 

"  Vaguely  somewhere  on  the  wall."  "  Location  in  head  through  the 
interval,  then,  expecting  V,  it  changed  to  my  left  ear." 


430  WHIPPLE : 

5.  Variation  in  the  image. 

(a)  Qualitative  variation  is  very  common,  and  always  in  the  form 
of  a  tendency  to  flat. 

"Tendency  to  flat  resisted  by  effort.  Tendency  caused  by  the  pres- 
ence of  a  number  of  lower  tonal  images  in  my  mind."  "  Image  flatted 
at  least  half  an  octave  ;  it  was  a  vocal  image  varying  with  the  position 
of  my  mouth,  throat,  etc."  "Attempted  to  replace  the  lost  image  by 
'  sliding  the  scale;'  thought  I  recognized  it  when  I  came  to  it."  "  The 
tendency  of  the  pitch  to  fiat  was  marked  by  a  feeling  that  the  muscles 
of  the  head  were  being  relaxed." 

(b)  A  curious  but  frequent  report  was  that  of  the  presence  of  an 
"  unconscious  tone."  This  may  be  interpreted  as  an  '  organic  set '  of 
some  sort.i 

We  shall  see  later  that  J^'s  judgments  abound  in  'motor  '  elements. 
The  "  unconscious  tone  "  is  the  persistence  in  consciousness  of  the 
'  feel  '  of  the  place  of  the  tone  when  all  auditory  features  are  lacking. 
"  Image  good  for  half  the  interval  (40  sees.);  then  while  the  image 
seemed  to  last,  no  tone  was  to  be  found."  "Image  seemed  to  lapse 
before  V,  yet  the  sense  of  strain  in  my  left  ear  continued,  being 
increased  at  V."     (Judgment plus,  correct.) 

(6)  /^'s  images  were  for  the  most  part  of  but  "  fair  "  strength.  They 
tended  to  fluctuate  irregularly,  and  in  intervals  beyond  10  seconds  to 
lapse  entirely  for  considerable  lengths  of  time.  They  were  replaced 
by  "  will  power"  generally,  though  sometimes  this  is  analyzed  into 
"  strains  in  the  throat,"  especially  if  the  image  be  of  vocal  timbre. 

(c)  The  image  was  very  often  vague  even  when  of  fair  intensity. 
Clean-cut  images  were  the  exception  at  all  Intervals. 

6.  Relation  of  the  image  to  V. 

A  lost  image  may  return  at  the  sound  of  the  bellows  before  V.  More 
often  the  sounding  of  V  causes  the  image  to  disappear. 

"  Image  crowded  out  of  consciousness  by  turning  the  attention  to 
V."  In  one  series  i^contracted  the  habit  of  letting  the  image  go  into 
"  passive  attention,"  in  order  to  have  his  "  active  attention  "  ready 
for  the  coming  stimulus. 

Observer  L. 

I.  N  causes  strain  and  pressure  sensations  about  the  head,  affective 
reactions  or  associations. 

Low  tones  are  uniformly  pleasant,  and  are  further  described  as  big, 
round,  filling  the  ear  passages  ;  high  tones  are  uniformly  unpleasant, 
thin,  penetrating.  There  are  two  instances  of  visualization  :  "  After 
N  was  given,  a  picture  of  the  tonometer  and  of  a  musical  reed  carae 
up,  and  I  saw  the  sound  come  from  a  reed  in  the  bos."  "  N  aroused  a 
visual-auditory  ideas  of  a  long,  lanky  '  co-ed  '  with  a  voice  like  this 
stimulus,  thin  and  'smudgy.  '  "  Verbal  associations  are:  "Like  the 
sound  of  the  letter  /."  "  Like  the  sound  il  made  in  the  upper  and 
back  part  of  the  mouth  by  a  female  voice."  The  strain  and  pressure 
sensations  (probably  contraction  of  scalp  and  ear-adjusting  muscles 
and  perhaps  changes  in  blood  supply)  are  illustrated  thus  :  "  N  pro- 
duced an  expansive  effect  within  the  head  as  if  something  were  inside 

1  Cf.  the  '  organic  set  '  of  W,  the  introspection  of  S,  5  (6)  4,  and  the  tone-less  image 
of  IVh. 
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trying  to  force  out  the  forehead."    "  N  produced  a  quiver  of  sensation 
around  and  above  each  ear." 

2.  No  mention  is  made  of  an  imageless  gap  directly  after  N. 

3.  The  timbre  of  the  image  is  either  that  of  the  tonometer  or  of  L's 
own  voice,  natural  or  falsetto. 

(Standard  a  is  said  several  times  to  be  so  low  as  to  be  imaged  in 
terms  of  his  natural  voice,  but  this  is  obviously  impossible  since  its 
frequency  is  612  vibs.)  Images  beginning  in  the  reed  timbre  usually 
become  vocal  if  a  strong  effort  is  made  to  hold  them  in  consciousness. 

4.  The  image  is  variously  localized,  in  the  head,  in  both  ears,  just 
outside  the  ear,  at  the  tonomoter,  or  novphere. 

The  localizations  at  the  tonometer  have  some  significance  because 
the  standards  are  placed  there  in  strata,  a  being  invariably  near 
the  floor,  e  being  invariably  near  the  ceiling,  the  other  clangs  dis- 
posed with  less  exactness  between  these  two.  As  will  be  seen,  this 
spacing  plays  a  subsidiary  part  in  the  judgment  consciousness.  L 
occasionally  converts  intensity  into  distance,  t.  e.,  a  "waning  "  image 
seems  "  to  wander  off,  far  away." 

5.  Variation  in  the  image. 

(a).  Qualitative  variation  is  but  three  times  mentioned,  alwaystaking 
the  form  of  a  tendency  to  fiat. 

(b).  L's  images  are  reported  to  be  exceptionally  good.^  Fluctuation 
is  not  reported  until  the  20  second  interval.  At  30  seconds  the  waning 
of  the  image  is  quite  noticeable,  but  it  rarely  goes  entirely,  and  can  be 
recovered  by  imagining  it  as  hummed  by  the  voice.  Even  at  40  seconds 
the  image  may  persist  through  the  interval  without  active  effort  to 
retain  it. 

(c).  Obscuration  was  not  differentiated  from  lessened  intensity. 

Observer  IV h. 

1.  At  N  the  breath  is  held;  associations,  always  auditory-verbal, 
are  often  aroused,  and,  with  certain  high  notes,  aural  sensations,  de- 
scribed as  a  sort  of  reflex  pull,  are  prominent.  At  the  sounding  of 
the  bellows  for  V  there  is  a  "  peculiar  feeling  of  excitement  and  ex- 
pectation all  over,"  and  a  tendency  to  call  up  the  image  as  vividly  as 
possible. 

Examples  are:  standard  e:  "Verbal  association,  'peep,'  clear, 
piping,  pleasant,  easy  to  keep  as  an  image."-  Standard  a,  "A  nasal, 
'  blowy,' clang  :  thought  of  my  nose. "^     "Verbal,   'that's  a.'" 

2.  The  image  "wells  up"  or  forms  itself  at  from  >2  to  2  seconds 
after  the  cessation  of  N. 

3.  The  prevailing  timbre  is  that  of  the  tonometer,  but  it  may  be 
vocal,  or  part  vocal  and  part  tonometer,  and  it  may  shift  during  an 
interval. 

"Kept  image  clear  aud  steady  by  making  it  vocal  timbre,  not  actually 

1  Obviously  these  estimates  are  based  upon  a  subjective  standard  of  excellence.  It 
seems  likely,  for  instance,  that  L  overestimates,  while  /^underestimates,  the  worth 
of  his  images. 

2  It  is  of  interest  to  note  that  this  preference  for  <?  aud  distaste  for  a  are  exactly 
opposite  to  the  attitude  of  L. 
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vocalizing,  but  hearing  a  purely  centrally-excited  humming  or  falsetto 
tone."  "  Image  usually  tonometer  timbre  now,  but  it  has  a  number 
of  vocal  associations  tacked  on  to  it,  e.g.,  contractions  of  the  pharynx, 
alterations  of  expiration,  localization  in  the  throat,  though  all  these 
are  frequently  only  imaged,  not  carried  out  peripherally."  "  Started 
vocal ;  changed  it  arbitrarily  to  tonometer."  "  Images  of  a  clear,  pene- 
trating timbre  are  easily  held." 

4.  The  image  is  usually  localized  at  the  tonometer;  it  may  also  be 
in  the  head,  throat,  ear  or  nowhere.  By  attention  it  may  be  placed 
almost  anywhere.     Often  its  location  suddenly  shifts  when  V  sounds. 

"  Image  was  at  the  tonometer,  held  there  by  purposed  visualization 
of  the  instrument.^  At  V,  or  at  the  sound  of  the  bellows  for  V,  it 
shifted  to  my  throat,  and  V  placed  itself  outside  my  head  higher  up. 
V  seems  to  belong  outside  because  it  is  peripherally  excited,  and  higher 
because  it  is  higher  tonally. 

5.  Variation  of  the  image. 

(a).  Qualitative.  IVh  exhibits  two  peculiar  phenomena  of  a  quali- 
tative nature,  the  feeling  of  a  "  tone-less  "  image,  and  the  presence  of 
two  or  more  rival  tonal  images  during  the  interval.  The  latter  occur- 
rence is  extremely  frequent,  almost  the  rule  in  the  long  intervals.  The 
general  tendency  of  the  image  is  to  sharp  rather  than  fiat.- 

"  Several  times  during  the  interval,  I  thought  I  had  the  image,  but 
there  was  only  an  'organic  tone,'  a  throat  contraction  and  an  altered 
breathing,  etc.,  without  any  auditor)^  elements.  I  kept  thinking  some- 
thing which  swelled  vip  and  gradually  died  out  at  regular  intervals 
but  it  was  not  tonal."  "At  about  six  seconds  a  lower  tone,  separated 
from  my  image  by  quite  an  interval,  appeared  and  bothered  me." 
"  Several  other  pitches  presented  themselves  as  candidates.  I  got  dis- 
gusted, dropped  them  all,  and  made  the  decision  without  any  image." 
"  During  interval,  I  heard  repeated  several  times  a  little  melody  of 
three  notes.  Two  came  with  each  inspiration,  and  one,  longest  and 
strongest,  the  image  proper,  with  each  expiration.  The  last  was  coin- 
cident with  V,  so  judged  '  eqiiaV  easily."  "Lost  my  image,  so  ran  up 
and  down  the  scale :  a  certain  quality  seemed  most  familiar,  so  I  im- 
aged that,  and  made  judgment  easily  "  (and  correctly).^  "  Two  images 
after  about  the  4th  second,  the  new  one  was  higher  and  seemed  to  be 
suggested  by  an  apparent  rise  in  N  as  it  was  shut  off."* 

(d)  Intensive.  As  reported,  JFA's  images  rank  in  intensity  between 
those  of  /^and  L.     At  two  seconds  the  image  is  faint, ^  not  having  had 

'Reference  to  the  tonometer  is  a  very  frequent  device  with  IVh  to  artificially 
"  force  "  the  image,  e.g.,  "  Got  twice  a  very  strong,  hallucinatory  image  by  thinking 
of  blowing  the  tonometer  very  forcibly.  " 

2This  tendency  is  found  in  such  introspective  verdicts,  as,  "  V  way  below  my  im- 
age." It  is  further  amply  borne  out  by  the  numerical  tables  which  indicate  that  in 
the  intervals  of  30,  40,  and  60  seconds,  /-F//  has  a  strong  tendency  to  err  in  the  direc- 
tion which  presupposes  a  sharpening  of  the  image,  provided  the  image  is  used  in 
the  judgment.  In  conjunction  with  /•  's  tendency  to  flat  the  image,  as  shown  both 
by  his  introspection  and  his  numerical  results,  this  individual  difference  shows  the 
futility  of  such  generalizations  as  that  of  Wolfe  when  he  takes  it  for  granted  that 
the  image,  because  of  its  weakness,  will  be  constantly  underestimated  in  pitch.  We 
do  not  wish  to  imply,  however,  that  the  qualitative  status  of  the  image  necessaiily 
influences  the  decision  at  all.  ll'k,  for  example,  often  gave  such  reports  as,  "  V  was 
way  below  my  image,  yet  I  felt  compelled  to  judge  'equal'  on  account  of  some  feel- 
ing of  familiarity."     (Correct.) 

3  The  usefulness  of  an  image  thus  secured  in  making  a  discrimination  of  8  vibra- 
tions after  an  interval  of  40  seconds  is  clearly  questionable. 

*  Compare  a  similar  effect  with  the  bottle  tones  later  mentioned.  The  rise,  at 
least  here,  is  subjective,  as  subsequent  tests  demonstrated. 

6  H-'h  suggests  that  the  seeming  faintness,  which  amounts  sometimes  to  absence 
of  the  image,  may  be  due  to  the  fact  that  since,  in  this  interval,  it  is  so  near  N  and 
V,  the  image  suffers  from  contrast. 
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time  to  fully  "mature."  At  four  seconds  it  is  steady  after  it  has  ma- 
tured, and  does  not  need  to  be  actively  forced.  At  six  seconds  general 
attention  strains  appear,  composed  of  sensations  set  up  by  contraction 
of  the  pharynx,  of  the  arms,  and  by  alterations  in  breathing  which  is 
irregular  and  shallow.     There  may  be  a  gap  without  image. 

"Heard  image  sound,  stop,  start,  etc.,  twice,  an  exact  repetition  of 
the  sounding  of  N." 

No  image  persists  through  lo  seconds  without  fluctuation.  Usually 
there  are  either  two  or  three  waves  or  periods  of  intensity,  the  image  bei  ng 
strengthened  at  each  expiration.^  Keen  attention  to  N  is  a  prerequi- 
site for  a  good  image  for  this  period.  At  30  seconds,  the  image  is  pre- 
carious, it  suffers  from  the  slightest  distraction,  central  or  peripheral, 
demands  urgent  attention,  is  subject  to  lapses  and  to  qualitative  obscu- 
ration by  the  appearance  of  other  pitches.  At  40  seconds,  it  is  always 
unreliable  at  the  end,  and  usually  gone  entirely.  To  hold  it  in  fair 
intensity  for  60  seconds  is  almost  impossible  ;  any  relaxation  kills  it. 

(d).  Clearness.  Variations  in  clearness  are  indicated  closely  par- 
allel to  those  in  intensity.  The  qualitative  uncertainty  occasioned  by 
the  presence  of  secondary  pitches  may  also  be  regarded  as  a  loss  in 
clearness.  Clearness  may  be  recovered  when  lost,  as  well  as  inten- 
sity; e.  g.: 

"Slight  uncertainty  of  pitch  for  awhile,  then  it  cleared  up"  (15 
sees.).     "  Got  clearer  toward  the  end  of  the  interval  "  (6  sees.). 

Several  times  artificial  devices  are  used  to  enhance  the  clearness,  e.  g: 

"At  about  the  tenth  second,  I  tried  to  see  if  I  had  the  image  clearly 
by  imaging  a  lower  tone  as  if  on  the  tonometer,  and  seeing  if  I  could  tell 
the  difference.  I  wanted  to  make  sure  that  the  image  had  some  deter- 
minateness." 

6.  Relation  of  the  image  to  N.  A  good  image  depends  on  keen 
attention  to  N.  If  for  any  reason,  N  is  somewhat  faint,  the  image  may 
yet  be  steady  and  clear,  though  faint. 

B.     The  Process  of  Judgment. 

The  analysis  of  the  judgment  consciousness  is  a  matter  of 
some  difficulty.  The  reason  is  to  be  found  in  f  i)  its  complex- 
ity, (2)  its  rapidity,  and  (3)  in  the  close  combination  of  the 
essential  with  the  many  unessential  features  of  the  process. 

Observer  M. 

The  following  statements  indicate  the  nature  of  M'?.  judgments. 

I.  Terms:  The  judgments  may,  for  convenience  sake,  be  grouped 
under  a  number  of  headings,  although  it  is  to  be  remembered  that  no 
hard  and  fast  lines  can  be  drawn  and  that  exact  rubrication  is  not 
always  possible. 

1  This  is  very  commonly  reported,  e.g.  "  Pharyngreal  contractions  at  each  expira- 
tion seem  to  be  the  natural  sort  of  innervation  by  which  to  attend  to  tones."  Later, 
however,  W^'A  says  "it  is  perhaps  partly  accidental  because,  by  taking  thought  I 
can  make  the  intensity  increase  at  eacli  inspiration,  and,  furthermore,  the  image 
often  fluctuates  independently  of  breathing."  Cf.  the  "  innere  Singeu,"  mentioned 
by  Stumpf,  op  cit.,  I,  176-7. 
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(a).  Exclusively  tonal.  This  type  is  very  rare,  and  found  in  '  ^^wa/ ' 
judgments  only. 

(d).     Auditory-visual,  more  frequent. 

"  V  seemed  to  fill  the  place  occupied  by  N  and  to  be  a  repetition 
'  out  loud  '  of  my  image."     This  type  is  closely  allied  to 

(c).  Auditory-visual-motor,  in  which  the  'placing'  is  more  em- 
phatic. 

"  Image  just  appearing  when  V  came  and  perfected  it,  for  they 
'  melded  '  ^  perfectly."  "  Seems  to  be  an  auditory  placing  together  of 
the  tones  as  one  would  place  two  sticks  side  by  side."  "  V  higher  in 
auditory  scale  ;  feeling  of  actually  placing  it  there." 

(d).  Visual-motor,  in  which  the  auditory  element  is  practically 
negligible.     "  I  placed  the  notes  visually  in  a  ladder  scale. "'■^ 

"V  fell  in  place  visually  just  below  N."  "  I  could  see  the  compar- 
ison. Judgment  based  on  this  visual  feeling,  coupled  with  strain  in 
the  forehead."  "  N  was  high  up  in  my  visual  scale  (ladder).  V  took 
its  place  below  N  at  once.  Judgment  was  visual  and  immediate. 
Later  came  the  auditory  verbal  formulation,  'lower.'  " 

(e).     Purely  visual,  rare. 

"  N  caused  a  peculiar  feeling  as  if  something  dark  were  pressing  on 
my  eyes  ;  at  the  soundiug  of  V,  it  was  lifted,  and  a  slightly  blue, 
bright  gray  appeared.  Knew  at  once  that  it  was  'plus.''  "  "  Very  light 
blue  color  with  N.  Judgment  made  by  comparing  this  color  with 
what  might  be  the  color  of  V." 

(/').     Auditory-motor,  rare. 

"Judgment  made  by  direct  comparison  of  tones,  aided  by  muscular 
strain  in  throat." 

(.^).  Purely  motor  (strain  sensations,  usually  of  eye  or  scalp  mus- 
cles). 

"Although  I  saw  nothing,  I  was  comparing  visually."  "Eyes 
dropped  on  N,  raised  on  V.  Made  an  easy  and  certain  judgment  of 
'plus.'''  "Immediate  judgment,  for  at  V  there  was  a  slight  movement 
of  the  eyes  as  though  placing  one  object  below  another." 

y/i).     Affective  (always  with  other  elements). 

"  Feeling  of  'melding'  of  tones.  Pleasant  feeling  as  though  some- 
thing were  satisfied." 

(2).     Dependence  of  judgment  upon  the  image. 

a)  The  presence  of  a  satisfactory  image  usually  favors  the  decis- 
ion, but  (b}  with  the  longer  intervals,  'certain'  judgments  are  made 
when  no  image  is  present,  and,  on  the  other  hand,  {c)  the  presence  of 
a  good  image  does  not  guarantee  a  satisfactory  judgment. 

Illustrations  are  :  "Judgment  not  immediate,  but  almost  so.  Image 
entirely  gone  [60  sees.],  yet  V  seemed  certainly  lower"  (correct). 
"  Best  image  I  have  had  yet  (20  sees,  interval),  but  V  weakened  and 
destroyed  it.  Judgment  immediate,  but  uncertain  [and  wrong];  recon- 
sideration did  not  make  it  certain." 

3.  Speed  of  judgment. 

(a).  The  majority  of  3f's  judgments  are  immediate,  i.  e.,  made  with- 

lA  word  coined  by  M  io  express  the  feeling  of  'equal'  judgments.  It  is,  she 
says,  not  exactly  either  '  welded '  or  '  melted,'  but  between  the  two. 

2  This  is  au  early  and  a  very  prevalent  type.  It  is  found,  excepting  in  a  few  cases, 
with  judgments  of  'higher'  or  'lower'  only. 
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out  conscious  comparison  (decided  always  before  V  has  ceased  sound- 
ing, one  second).  The  image  may  be  present  or  not.  The  greater  part 
or  73%  of  the  immediate  judgments  are  correct.  This  type  prevails 
when  D  =  o,  68%  of  the  judgments  then  being  immediate.^ 

(d).  (i)  Conscious  comparison,  i.  e.,  the  voluntary  relating  of  the 
image  of  N  to  the  image  of  V  after  V  ceases,  is  less  frequent  on  the 
whole,  but  it  is  more  frequent  when  D  =  J^  8,  57%  of  these  tests  being 
judged  by  comparison.  (2)  Judgments  involving  comparison  are 
oftener  wrong  than  right.  (3)  Comparison  is  a  clumsy  device,  used 
in  cases  of  doubt. 

"  V  different  from  N,  but  couldn't  tell  the  direction,  so  I  finally 
decided  by  trying  to  recall  both  tones." 

(c).  Judgments  in  which  the  decision  is  reversed  or  debated  are 
not  uncommon.  There  is  an  immediate  judgment,  then  indecision 
followed  by  laborious  comparison,  and  usually  by  a  change  of  judg- 
ment. It  is  especially  interesting  to  note  that  in  three-fourths  of  these 
cases  the  first  '  immediate  '  reaction  is  correct. 

4.  Certainty  of  judgment.-  In  269  cases  M  reports  195  '  certain  ' 
judgments.  Of  these  the  majority  (127)  are  correct.  On  the  other 
hand,  of  the  74  '  uncertain  '  judgments,  the  majority  (46)  are  wrong. 
The  certain  judgments  are  distributed  thus:  when  D  =  o,  72  ;  when 
D=+8,  59;  when  D  =  — 8,  64. 

5.  Judgments  of  difference  without  knowledge  of  the  direction  of 
the  difference  are  quite  common.^  They  are,  for  the  niost  part,  re- 
corded only  when  V  really  differed  from  N.  The  judgment  '  different ' 
seems  to  be  more  easily  and  more  quickly  aroused  than  the  judgment 
'  higher  '  or  that  of  '  lower.' 

"  My  judgment  of  difference  was  immediate,  but  that  of  the  direction 
was  later  and  quite  slow." 

Observer  IV. 

I.  Terms. 

(a).  Exclusively  tonal,  (i)  Qualitative.  This  is  the  typical  form 
of  judgment  for  IV.  It  is  usually  characterized  by  deliberate  com- 
parison of  memory  images  of  both  tones. 

"  When  V  came  I  listened  to  it,  then  heard  the  first  (N)  again,  and 
then  judged  the  second  lower  by  compariugthetwoimages."  "  Seemed 
to  identifj' V  with  N  auditorily."  "  Judged  in  tones  and  then  translated 
into  words."  This  form  occurs  also  when  D  differs  from  N,  in  con- 
trast with  the  case  of  Af.  "  V  seemed  to  run  in  on  image,  and  there  was 
a  change." 

(2).  Auditory  judgments  are  occasionally  based  upon  the  intensity 
instead  of  the  quality  of  V. 

For  example  :  at  60  seconds  standard  e  was  given  both  as  N  and  V. 
U^'s  judgment  was    'lower.'     "No   image  left,  but  when  V  came  it 

1  These  facts  correlate  well  with  the  further  fact  that  for  Af  there  are  more  right 
cases  when  D  =  o  than  when  D  =  J;  S. 

*  For  further  discussion  see  pp.  445-6. 

*  Reported  also  by  Wolfe  and  by  Angell  and  Harwood  and  bj-  Prever  (Stumpf,  op. 
«■'•.  I.  313)- 
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just  appeared  to  me  that  it  was  lower  than  the   first   by  feeling  more 
intense."^ 

(3).  IV's  unmusicalness  is  well  exemplified  by  the  fact  that  he  is 
often  unable  to  differentiate  quality  from  timbre,  and  that,  accord- 
ingly, large  numbers  of  decisions  are  based  upon  what  he  terms 
a  difference  in  timbre. 

We  have  already  mentioned  that  the  reeds  used  were  carefully  se- 
lected to  avoid  any  such  differences,  but  convincing  proof  of  the  sub- 
jective nature  of  this  alleged  distinction  is  afforded  by  the  fact  that  in 
the  cases  when  D  =  o,  ?^  frequently  reports  "2nd  more  reedy,"  and 
again  in  the  repetition  of  the  same  standard  and  variable  (e.  g.,  a  and 
a — 8),  the  report  is  once,  "first  clearer,"  and  again,  "first  more 
reedy."  It  is  likewise  impossible  to  see  any  uniform  connection  be- 
tween W's  estimate  of  the  timbre  and  his  decision.  To  be  sure,  he 
says  once  "2nd  had  that  reedy  quality  more  and,  hence,  is  loiver,''^ 
but  on  the  same  day  he  makes  several  judgments  of  'higher^  when 
the  "second  is  more  reedy." 

{b).  Auditory-visual,  but  (unlike  3/'s)  with  the  visual  features 
subordinate  and  inessential. 

"Almost  always  (?)  when  I  judge  I  visualize  the  tonometer  and 
bellows."  .  "  Deliberately  compared,  and  saw  keys  of  a  piano." 

(c).    JFhas  no  visual-motor  or  purely  visual  judgments. 

(d).  Auditory-motor,  rare. 

"  I  know  howthe  sounds  sound  exactly  (?),  but  just  can't  say  whether 
it  should  be  'plus  '  or  '  jninus.'    I  tried  to  determine  by  articulating." 

(e).     Motor. 

Both  N  and  V  often  occasioned  a  "  twitch  in  the  ear."  JF  thinks 
these  sometimes  influence  his  judgment ;  if  the  second  twitch  were 
stronger  he  would  certainly  say  '  higher.^ 

A  sort  of  organic  basis  of  judgment  is  once  or  twice  found. 

"  At  N  felt  a  nervous  feeling  go  through  my  whole  body.  When  V 
came  I  said  it  did  not  feel  at  all  like  the  first.  I  think  I  compared  the 
feelings." 

(/).  Affective. 

A  single  doubtful  use  of  the  affective  reaction  as  a  basis  for  judg- 
ment is  this.  "  N  caused  a  twitch  in  my  ear.  V  sounded  better  and 
softer  to  the  ear,  so  I  at  once  judged  '  lower,'  "  This  instance  maj-  be, 
perhaps,  reduced  largely  to  intensity.  Like  M,  W  i^  most  pleased  by 
'  certain  '  judgments,  but,  since  most  of  his  certain  judgments  are 
based  upon  a  process  of  comparison,  he  does  not  report  that  pleasure 
in  quick,  flash-like  judgments  which  we  have  noted  in  the  case  of  M. 

2.  Dependence  of  the  judgment  upon  the  image. 

The  doubtfulness  of  JF's  estimate  of  his  images  makes  this  point  dif- 
ficult, but  it  is  safe  to  say  that  (a)  judgments  may  be  formed  after  the 
image-less  two  second  interval,  though  possibly  the  image  does  get 
formulated  in  the  judgment,  and  that  {b)  judgments  made  by  sudden 
impression,  without  the  presence  of  any  image,  are  quite  rare. 

We  have  already  seen  that   the   auditory  excellence   of   the   image 

1  It  is  probable  that  this  error  of  mistaking:  the  intensity  of  V,  as  compared  with  the 
remembered  intensity  of  N,  as  an  index  of  '  lower.''  accounts  for  the  peculiar  preva- 
lence of  this  judg^ment  in  the  longer  intervals,  e.  g.,  10  out  of  15  cases  at  one  sitting. 
Here  again  is  evidence  against  Wolfe's  appeal  to  the  lessened  intensity  of  the 
image  as  a  source  of  the  error  ^tJ-.     (Note  our  previous  discussion,  p.  — .) 
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reported  is  probably  questionable.  The  following  is  an  instance  : 
"  Fell  to  noticing  a  twitch  in  my  throat,  and  thus  lost  the  image,  and 
then  the  image  got  lost  in  a  song,  but  at  the  judgment  I  had  both 
tones  (N  and  V)  in  my  head  to  compare."     (60  sees.) 

3.  Speed  of  judgment.  It  is  difficult  to  classify  Jf  s  judgments  on 
the  basis  of  speed. 

(a).  When  D  =  ^S,  it  is  usual  to  have  a  quick  judgment  of  differ- 
ence, and  a  slow  one  of  direction. 

(6).  Really  immediate,  flash-like  judgments  are  very  rare. 

Even  in  his  so-called  '  quick '  judgments  IV  compares  the  two 
images.     Thus  JF differs  from  J/ in  every  point  under  this  rubric. 

(c)  Outside  of  the  hesitancy  in  assigning  the  direction  of  a  differ- 
ence, just  mentioned,  the  chief  debated  judgments  waver  between 
'  equal '  and  '  lower.' 

An  example  of  a  less  frequent  class  is  the  following  :  "  I  said 
quickly  '  this  is  plus  or  equal,'  and  then  reasoned  that  saying  equal 
was  only  because  they  seemed  almost  equal,  but  that  V  was  really  a 
little  higher.     This  all  quick.     Had  images  of  both  to  compare." 

4.  Certainty  of  judgment.  W  has  less  '  assurance  '^  than  M,  yet  the 
majority  of  his  judgments  are  'certain.'  Contrary  to  M,  his  assur- 
ance is  greater  when  D  =  ^8  than  when  D  =  o.  The  majority  (59%) of 
the  certain  judgments  are  correct  ;  the  majority  (58%)  of  the  uncer- 
tain are  wrong.  Uncertainty  increased  markedly  after  the  15  seconds 
interval. 

5.  Judgments  of  difference  without  knowledge  of  its  direction  are 
extremely  common  when  D  is  8,  even  with  the  short  intervals. 

Instances  have  already  been  noted.  JF  suggests  that  this  maybe 
due  in  part  to  a  confusion  of  the  two  images  while  they  are  being  com- 
pared. "Compared  the  tones,  knew  they  were  different,  but  had 
trouble  in  deciding  which  was  high  and  which  low." 

Observey-  S. 
I.  Terms. 

(«).  Tonal,  very  frequent,  especiall}'  in  long  intervals,  with  all 
forms  of  D. 

"  Convinced  myself  of  the  '  plustiess  '  of  V  because  it  did  not  seem 
to  harmonize  with  N."  "Thought  of  scales  as  I  had  heard  them 
sung,  and  this  seemed  like  the  interval  c-b  as  one  sings  down  the 
scale,  and  so  I  judged  V  lower"  (D  =  o).  "  Equal  judgments  usually 
seem  to  chord  or  harmonize  tonally." 

(d).  Auditory-visual,  infrequent. 

(r).  Visual,  not  common. 

"  N  caused  pale  bluish-green,  and  V  was  the  same.  Recognized 
equality  by  color."  "  Heliotrope  patches  all  through  image  and  in- 
terval. These  were  reinforced  by  V,  so  said  '  equal.'  "  By  the  addition 
of  the  place  relations  this  type  merges  into  (rf). 

(<a?).  Visual-motor. 

"N  had  a  certain  definite  length,  breadth  and  thickness,  and  V 
seemed  to  fit  over  it."     "  Image  seemed  like  a  horizontal  line,  and  V 

1  Assurance  is  measured  by  the  number  of  times  '  certain '  is  recorded,  without 
heed  to  the  correctness  of  the  decisions. 
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was  placed  in  the  same  position.  Made  the  judgment  in  these  terms, 
though  uncertain  because  the  auditory  relations  did  not  seem  to  cor- 
respond with  these."     (Judgment  correct.) 

((?).    Auditory-motor. 

"V  placed  itself  on  N,  and  I  made  the  judgment  in  these  terms, 
though  the  auditory  elements  also  entered  in." 

(/).     Motor. 

"  I  had  a  certain  position  for  N,  and  I  seemed  to  put  it  there,  and 
felt  it  would  stay  there  all  through  the  interval.  When  V  came  it  took 
a  higher  position  without  any  effort  on  my  part." 

{g).  Affective  elements  appear  often  in  the  judgment  process,  but 
they  do  not  constitute  an  essential  part.  S  has  pleasure  in  '  certain  ' 
and  generally  in  'equal  '  judgments. 

2.  Dependence  of  judgment  upon  the  image. 

(c).  The  large  majority  of  6''s  judgments  make  use  of  the  image 
either  in  its  auditory  form,  or,  less  often,  in  its  visual  setting  (place, 
lines,  color,  etc.).  Conversely,  the  lack  of  the  tonal  image  works  the 
most  damage.^ 

"  Held  spatial  position  of  the  image,  but  lost  its  auditory  portion. 
When  V  came  I  could  make  no  judgment  because  it  was  auditory, 
while  my  image  was  only  spatial." 

{b).  Onl}'  a  single  instance  of  a  sudden  imageless  judgment  is 
reported,  and  that  felt  uncertain. 

"Judgment  an  impression,  not  a  decision."     On  the  other  hand, 

(r).  Occasionally  a  good  image  may  be  present  without  insuring  a 
decision. 

"  Good  attention,  and  good  image,  but  I  simply  could  not  make  up 
my  mind  between  '  equal '  or  '  dijf event.'  " 

3.  Speed  of  judgment. 

It  is  almost  useless  to  speak  here  of  the  speed  of  5's  judgments, 
for  unfortunately  only  109  out  of  270  tests  contain  the  introspective 
indications  required.  Of  those  reported,  however,  it  may  be  said  that 
(a)  slightly  more  judgments  are  compared  than  immediate,  and 
(^)  the  majority  of  the  immediate  judgments  are  correct  while  the 
majorit)'  of  the  slower,  compared,  are  incorrect,  (c)  A  sort  of  com- 
parison coupled  with  the  method  of  exclusion  is  a  curious  feature  of 
6''s  judgments.  With  D  =  — 8  it  is  so  frequent  as  to  be  the  rule  rather 
than  the  exception.     Almost  always  the  result  is  correct. 

"  Compared  the  images  several  times.  Decided  they  were  not  equal, 
and  V  was  not  higher,  hence  it  must  be  lozuer.^'  "  Always  have  trou- 
ble with  the  '  minus  '  judgments,  and  have  to  argue  them  out." 

{d).  Another  very  common  and  peculiar  feature  with  ^  is  the  com- 
parison of  the  feeling  of  the  present  relation  of  N  and  V  with  that  of 
some  just  previous  test  or  tests.  This  is  a  part  of  the  many  schemes 
(singing  descending  scale,  visualizing  piano  keys  and  scale,  etc.)  used 
to  keep  the  categories  'equal,'  'higher,'  'lower'  distinct,  for  owing 
to  her  unmusical  nature  ►S'  has  apparently  no  deeply  ingrained  '  feel  ' 
for  these  relations. 

1  S's  quantitative  results,  which  are  extremely  poor,  are  to  be  laid  to  poor  sensible 
discrimination  rather  than  to  a  poor  tonal  memory.     C/.  Stumpf,  op.  ciL,  I,  2S9. 
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Examples  are  :  "  After  recognizing  a  difference,  I  said  '  tniJius,'  in- 
fluenced by  my  two  previous  judgments  of  jfiinus."  "Judgment  slow  ; 
thought  first  that  the  two  were  equal.  Then  thought  of  test  2  (third 
before  this),  and  compared  the  two  impressions  (of  2  and  5).  Theti  de- 
cided that  V  was  higher.^'  "  This  combination  felt  different  from  the 
preceding  test  (Vyz^a/'),  and  felt  high  rather  than  low,  hence  ^ plus^  " 
(correct). 

4.  Certainty  of  judgment,  (c)  The  amount  of  certainty  was  re- 
corded in  but  232  of  the  270  tests.  Slightly  more  than  half  (128)  are 
'  certain.'  The  majority  of  these  (76)  are  correct.  The  objective  ac- 
curacy of  the  '  uncertain  '  judgments  differs  from  the'  results  of  the 
other  observers  in  that  more,  though  but  very  slightly  more,  are  cor- 
rect than  incorrect  (53  correct  out  of  104  uncertain). 

If  we  ask  the  reason  for  this,  it  is  easily  found  in  the  method  of 
making  '  niifius  '  judgments  just  mentioned.  The  figures  show  that 
when  D  =  —  8,  the  majority  of  the  '  certain  '  judgments  are  wrong,  and 
the  majority  of  the  uncertain  judgments  are  right.  5"  makes  many  of 
her  '  minus  '  judgments  by  the  method  of  argument  and  exclusion; 
they  are  troublesome,  hence  uncertain,  but  they  are  oftener  right  than 
wrong.  Omitting  these  peculiarly  constructed  'minus'  decisions,  the 
conclusions  found  for  the  other  observers  hold  good  for  S. 

(6)  An  interesting  feature  with  this  subject  is  the  fact  that  writing 
down  the  judgment,  or  repeating  the  tonal  interval  several  times, 
often  brings  on  a  feeling  of  certainty  which  was  not  present  when  the 
judgment  was  made. 

"Thought  this  interval  (tonal)  did  not  seem  exactly  like  the  pre- 
vious one  (D= +8,  judgment  '  WZWW5 ').  Reflected  that  this  might, 
however,  be  right,  my  previous  judgment  wrong,  so  gave  the  judg- 
ment '  minus.'  (D  was  o.)  After  writing  it  down,  I  felt  very  positive 
that  I  was  right." 

5.  As  with  the  other  observers,  judgments  of  difference  are  more 
quickly  and  more  easily  made  than  judgments  of  higher  or  lower. 
This  occurs  only  when  D  is  really  J;  8  vibs.  With  5"  it  may  even  be 
said  that  judgments  of  higher  or  lower  are,  as  a  rule,  made  only  after 
a  preliminary  assertion  of  difference. 

6.  An  isolated  instance  which  illustrates  the  automatic  nature  of  the 
judgment  consciousness  as  it  is  created  by  the  conditions  of  experi- 
mentation is  afforded  by  5"  who,  while  attending  to  the  image  during 
a  long  interval,  mechanically  passed  a  judgment  of  'higher''  when  a 
street  car  bell  rang  outside  the  building,  very  much  to  her  surprise 
and  amusement. 

Observer  F. 

I.  Terms,  /^'s  judgments  are  of  two  types,  an  auditory  and  a  motor, 
with  or  without  an  auditory  fringe. 

(a).  Auditory.  This  type  is  always  found  with  judgments  of  equal- 
ity. V  is  felt  to  be  simply  a  re-enforcement  of  the  auditory  image. 
Auditory-verbal  phrases  such  as  "That's  higher"  may  be  present  in 
judgments  of  difference,  but  they  are  secondary. 

{b').  A  single  instance  of  a  visual  component  in  the  judgment  con- 
sciousness is  the  following  : 
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"  Saw  image  as  a  line  in  the  space  before  me,  and  then  V  as  another 
line  shooting  just  below  it  whereupon  the  old  one  faded  from  view. 
At  the  same  time  a  sense  of  relieved  muscular  strain  was  noted."  We 
are  inclined  to  class  this  under  the  motor  type  and  consider  the  visual 
element  as  the  result  of  some  suggestion  from  the  other  subjects  of 
visual  proclivities. 

(r).  The  auditory-motor  or  motortypeismeantto  embrace  judgments 
■which  are  characterized  by  pressure,  strain,  and  organic  sensations  of 
any  sort  which  combine  to  place  the  tones  spatially  in  a  vague  man- 
ner.    This  type  is  always  found  with  judgments  of  higher  or  lower. 

Examples  are  :  "Judgment  conditioned  by  a  loosening  of  the  mus- 
cles (scalp?)  on  the  left  side  of  the  head."  "  Based  upon  a  further 
tightening  of  the  muscles  of  the  ear  already  '  set  '  for  the  pitch  of  N." 
"  Recognition  a  moving  of  the  head  up  and  forward."  "  My  'set  of 
the  ear '  means  not  only  strain  sensations,  but  also,  apparently,  an 
expectation  of  a  certain  sort  of  pressure.  A  low  note  gives  a  broad 
dull  pressure,  a  high  one  a  stronger  pressure.  In  a  'plus  '  judgment 
I  feel  this  change."  "  Judgment  accompanied  by  a  pressure  upward 
in  the  head." 

2.  Dependence  of  the  judgment  upon  the  image,  /^exhibits  an 
irregularity^  difficult  to  explain,  for 

(a)  many  judgments  are  passed  easily  without  the  presence  of  an 
auditory  image,  but 

(i^)  often  the  absence  of  an  image  precludes  any  attempt  at  a  de- 
cision. It  may  be  that  in  the  latter  case  whatever  serves  to  represent 
the  image  in  (a)  is  also  gone. 

3.  Speed  of  judgment. 

(a).  Of  the  cases  reported  the  majority  are  immediate,  i.  <?.,  passed 
within  one  second  and  without  comparison.  There  are  202  such  in- 
stances and  164,  82%,  are  correct.  This  type  is  most  common  when 
D  =  +  8. 

((5>).  Deliberative  judgments  are  most  frequent  when  D  =  o.  Only  23 
out  of  40,  or  57%,  are  correct.  F  contributes  one  peculiar  case  of  a 
very  slow  decision  in  which  there  were  nevertheless,  no  image  and  no 
comparison. 

(^).  There  is  but  one  instance  of  a  debated  judgment. 

"  At  first  it  seemed  equal,  and  then  suddenly-  recognized  it  as  lower, 
and  was  certain." 

4.  Certainty  of  judgment.  In  266  cases /^reports  171  '  certain.'  Of 
these  145  were  correct.  55  of  the  95  uncertain  cases  were  wrong.  Cer- 
tainty was  greatest  when  D  =  +  8,  least  when  D  =  —  8.  Usually  F  had 
three  or  four  uncertain  tests  in  a  group,  perhaps  indicative  of  a  tem- 
porary lapse  of  attention  or  of  a  temporary  loss  of  confidence. 

In  one  test  "V  was  higher,  hence  judgment  instantaneous,  but  it 
was  so  much  higher  that  I  knew  image  must  have  flatted,  so  I  was 
uncertain." 

5.  /^ never  confuses  the  direction  of  a  difference. 

Observer  L. 
I.  Terms.    Z,'s  judgments  seem,  perhaps  as  a  consequence  of  his  ex- 


DISCRIMINATION   OF    CLANGS    AND   TONES.  44I 

cellent  images,  to  be  substantially  all  of  the  auditory  type.  When 
other  elements  are  present  they  are  subsidiary. 

(a).  Auditory.  These  judgments  may  be  quick,  but  they  involve  the 
presence  of  the  image  and  a  rapid  observation  of  the  relation  of  V  to 
this  image  as  tonal  sensations.  In  the  few  cases  reported  in  which  the 
image  was  lacking  just  before  V,  L  thinks  that  it  must  have  "  popped 
back  "  and  thus  entered  the  judgment  process.  Whether  this  is  not 
the  result  of  the  logical  bias  in  favor  of  comparison  which  we  have 
already  noted  in  L  is  very  doubtful. 

(d).  Auditory-visual  type,  but  once  reported. 

"  Process  of  judgment  in\olved  a  visualization  of  a  piano  keyboard. 
Tones  were  seen  to  be  apart,  V  above  N." 

(c).  Auditor3--cutaneous  (?).  L  often  mentions  that  the  sensation 
around  the  ears,  which  is  external  and  quite  pronounced,  starts  at  N 
and  gradually  fades  during  the  interval.  IfV=N,  this  sensation  is 
picked  up  or  re-enforced  in  a  noticeable  manner  ;  if  V=N  ^  8  vibs. 
this  sensation  is  not  intensified.  At  any  rate  it  is  a  secondary  phe- 
nomenon. 

(rf).  Auditorj'-motor. 

"  There  was  a  distinct  representation  of  V  being  vertically  above  N." 
"Image  localized  just  outside  the  ear.  Thought,  if  V  is  the  same,  it 
must  come  right  to  the  same  locality,  and  it  did." 

(^).  Affective  elements  appear  only  as  a  pleasantness  at  judgments 
of  equality,  especially  if  the  tones  were  also  low. 

This  pleasantness  may  account  for  the  fact  that  L  makes  the  error 
'equal'  for  'plus'  17  times  as  against  the  error  '  minus  '  for  'plus'  4 
times,  and  the  error  'equal '  for  '  niifius  '  49  times  as  against  the  error 
'plus  '  for  '  mifius  '  10  times. 

2.  Dependence  of  the  judgment  upon  the  image.  As  already  hinted, 
L's  judgments  are  unique  in  the  constant  use  of  the  auditory  image. 

An  interesting  feature  in  this  connection  is  afforded  by  his  descrip- 
tion of  the  relation  of  the  judgment  and  the  image  in  fairly  long  in- 
tervals. Following  N  the  image  of  the  clang  itself  ensues,  first  "wide" 
(strong),  then  "  narrowing  to  a  point."  "When  the  point  is  almost 
reached  I  renew  the  image,  so  that  it  is  wide  again,  by  executing  some 
imaginary  humming  for  a  brief  time.  If  N  comes  when  the  image  is 
'  wi'Le,'  judgment  is  easy,  otherwise  more  difficult."^ 

3.  Speed  of  judgment.  Data  sufficient  for  numerical  results  are 
lacking.  At  first  L  insisted  upon  deliberate  comparison.  Later  he 
reported  man}'  rapid  judgments,  always  auditory  and  with  the  pres- 
ence of  the  image  ;  the  deliberative  judgments^  being  exhibited  only 

1  If  we  add  to  this  description  the  further  fact  that  such  a  process  of  renewal  takes 
place  according  to  L  about  three  times  in  a  40  or  60  second  interval,  we  have  some 
facts  not  unlite  Wolfe's  phenomenon  of  periodicity.  The  likeness  is  enhanced  by  the 
fact  that  Z,'s  curve  for  right  cases  shows  peaks  at  15  and.  more  noticeably,  at  40 
seconds.  It  seems  plausible,  then,  that  Z,  represents  a  type  of  observer  similar  to 
those  of  Wolfe,  using  in  the  judgment  an  image  which,  either  voluntarily  or  invol- 
untarily, is  renewed  at  intervals  of  time  approximately  constant  for  the  same  indi- 
vidual. 

'  The  distinction  is  this  :  in  the  rapid  judgment  the  image  is  present.  As  soon  as  V 
sounds  it  is  known  to  be  equal,  higher  or  lower  than  the  itnage.  In  the  slow,  delib- 
erative judgments,  exhibiting  true  comparison,  no  decision  can  be  reached  until, 
after  V  has  ceased,  the  attention  is  turned  alternately  to  the  image  of  N  and  to  the 
image  of  V.  The  first  type  is  the  more  common  with  Z,  and,  save  when  D  =  — 8,  the 
more  accurate.    It  is  never  uncertain. 
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in  difficult  tests,  whether  because  V  aud  N  seemed  only  very  slightly 
different,  or  because  some  distraction  had  weakened  the  image. 
(d).  Debated  judgments  are  not  met  with. 

4.  No  quantitative  statement  of  Z,'s  certainty  is  possible  owing  to  the 
lack  of  introspective  evidence.  One  can  merely  say  that  his  assurance 
was  far  greater  than  his  correctness. 

5.  L  never  confused  the  direction  of  a  difference. 

Observer  IVh. 

1.  Type  of  judgment.  Wh's  judgments  are  nearly  identical  in  type 
with  those  of  F,  being  almost  uniformly  auditory,  not  in  the  sense 
that  the  variable  tone  is  compared  with  the  image  of  the  standard,  but 
in  the  sense  that  it  is  this  tone  V  which  is  judged  to  be  '  equal,' 
'higher'  or  '  lower,'  and  not  a  color,  or  pressure  or  other  sensation. 
But,  it  must  be  added  that  the  position  of  V  as  an  auditory  sensation 
is  for  the  most  part  determined  by  other  than  auditory  elements,  viz.: 
by  those  sensations  which  we  have,  for  convenience  sake,  grouped 
under  the  term  '  motor.' 

(a).  Purely  auditory.  Notably  in  cases  of  equality,  V  simply  rein- 
forces the  auditory  image.     Rarely  the  auditory  judgment  is  verbal. 

"Judgment  took  one  second,  not  to  compare,  only  didn't  feel  sure 
till  I  had  put  the  decision  into  words  and  said  '  lower.'  " 

{b).  Auditory-motor.  Judgments  of  either  'higher'  or  'lower'  al- 
most invariably  are  based  upon  some  more  or  less  distinct  spatial  re- 
lation between  the  image  aud  V,  or  upon  an  alteration  of  strain  at  V 
without  any  reference  to  either  the  pitch  or  '  place  '  of  the  image. 

"  '  3finus  '  because  of  a  distinct  feeling  of  depression  about  my  arms 
and  chest."  "  Some  sort  of  drop  in  my  throat  as  well  as  a  different 
external  spacing  for  image  aud  V.  This  spatial  difference  is  certainly 
in  consciousness  before  the  fiat  of  judgment  itself,  whether  it  be  its 
essential  basis  or  not."  "  I  hold  the  image  steady  at  a  certain  point 
in  my  throat  or  externally,  aud  in  judgments  of  '  minus  '  or  ^  plus,''  V 
comes  in  above  or  below  this  point."  "  V  came  into  same  space  in 
my  head,  so  judged  '  equal.'  This  is  unusual ;  there  is  not  apt  to  be 
any  spatial  reference  in  the  equal  cases."  "V  considerably  separated 
from  image,  further  from  me  and  perhaps  to  the  right ;  a  sort  of  '  here 
versus  there'  feeling." 

{c).  Auditory-visual-motor.  There  are  two  rather  hazy  instances  of 
visual  components. 

"  V  lower  vertically,  in  a  different  place  visually."  "  V  farther  to 
right,  perhaps  with  a  vague  association  of  a  piano  kej'board." 

{d).  Unanalyzable.  Certain  judgments,  especially  at  the  end  of 
long  intervals  are  made,  as  Wh  puts  it,  "  by  catching  at  straws ;"  such 
decisions  are  difficult  of  analysis. 

"Judgment  slow.  Thought  it  was  '  equal,'  but  at  the  last  moment 
I  had  an  irresistible  impulse  to  put  down  'minus,'  though  I  don't  see 
why  this  impulse  came."  (Correct  judgment.)  "The  feel  of  famil- 
iarity which  touches  off  the  judgment  of  equality  seems  to  resist 
further  analysis." 

2.  Dependence  upon  the  image.      IVh's  introspection   is  uniform  in 
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showing  that  keen  attention  to  N  is  of  importance  to  the  decision,  but 
that  the  condition  of  the  image  when  V  sounds  is  of  secondary  signifi- 
cance. 

"  Good  image,  but  judgment  took  about  4  seconds,  and  was  uncer- 
tain "  (and  wrong).  "No  image  at  all  at  end,  but  judgment  very 
rapid  and  certain."  "  V  was  far  below  my  image,  yet  I  felt  impelled 
to  judge  'equal '  on  account  of  some  feeling  of  sameness  not  further 
analyzable."  "  Image  split  up  into  two,  and  I  gave  up  trying  to  hold 
either  one.  V  had  feeling  of  belowness,  no  shadow  of  a  comparison." 

3.  Speed  of  judgment.  Wh  found  it  very  easy  to  subdivide  the  speed 
of  judgment  into  several  categories, — instantaneous,  very  quick,  slow, 
deliberate  comparison.  The  rate  termed  "  slow  "  belongs  in  classifi- 
cation to  the  'immediate  '  group,  for  it  implies  a  time  of  about  one 
second,  and,  what  is  of  importance,  does  not  imply  any  trace  of  com- 
parison of  images. 

(a).  Thus  grouped,  Wh  has  220  immediate  judgments,  of  which  194, 
88%,  are  correct.  Immediate  decisions  are  slightly  more  common  when 
D  =  — 8. 

(6).  The  'compared  '  judgments  number  but  35,  of  which  but  24,  or 
65%,  are  correct.^ 

(t).  Judgments  in  which  the  decision  is  reversed  or  debated  are  oc- 
casionally found.  These  are  almost  always  cases  in  which  there  is  an 
instantaneous  judgment  for  '  minus  '  or  'plus,'  followed  by  a  doubt  and 
a  fear  that  it  might  be  'equal '  because  the  difference  is  so  small. 2 

4.  Certainty  of  judgment.  Wh  had  200  certain,  70  uncertain  judg- 
ments. The  correlation  of  assurance  and  correctness  is  shown  clearly, 
since  182  of  the  certain  but  only  45  of  the  uncertain  cases  are  correct. 
There  is  greatest  certainty  when  D=  +  8. 

5.  Judgments  of  difference  without  knowledge  of  its  direction  are 
infrequently  reported,  perhaps  a  half  dozen  in  all. 

In  three  of  these  cases  the  difference  was  finally  judged  correctly, 
e.g.  "Knew  difference  at  once,  but  had  to  compare  tones  to  get  its 
direction."  "Judgment  certain  and  quick,  but  it  seems  as  if  I  noted  the 
difference  before  its  direction.     "Very  vague  spatial  belozvness." 

C.     Summary  of  the  Introspection. 

In  the  light  of  the  fairly  bewildering  individual  variations 
just  recorded,  one  can  but  hesitate  to  generalize.  The  follow- 
ing statements  are  put  forth,  therefore,  only  tentatively,  not 
even  in  the  hope  of  covering  all  the  main  points  of  importance, 
but  in  the  endeavor  to  present  a  sketchy  outline  of  the  course 
of  the  image  and  of  the  nature  of  the  judgment  proce.ss. 

'  We  should  hardly  expect  IVh  with  his  extensive  practice  to  show  a  Dredominance 
of  wrong  cases  with  deliberated  judgment  as  do  some  of  the  observers. 

'This  seems  an  exceedingly  apt  illustration  of  the  use  of  the  image  in  the  judg- 
ment. The  decision  for  '  minus'  or  •plus'  is  based  upon  a  '  feel,'  a  sudden  relaxa- 
tion of  some  muscles  or  a  '  motor '  spacing.  There  is  in  that  moment  no  thought  of 
the  tonal  relations  of  the  variable  to  the  standard  pitch  ;  only  in  the  next  pulse  of 
consciousness  does  the  auditory  relation  come  into  the  focus  of  attention,  if  it  comes 
at  all,  and  only  then  does  the  doubt  of  the  decision  appear.  .The  first  decision  is  the 
one  commonly  recorded,  and  nine  times  in  ten  it  is  correct. 
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(i)  The  tonometer  clang  arouses  a  wide-spread  reaction, 
adjustments  of  the  organs  of  hearing,  pleasantness  or  unpleas- 
antness, visual,  verbal  and  other  associations,  often  of  consid- 
erable vividness  and  detail,  and  organic  'sets'  of  various 
kinds.  These  supplementing  processes  help  to  give  the  audi- 
tory image  an  individuality;  their  nature,  prevalence  and  dis- 
tinctness depend  upon  the  constitutional  tendencies  of  the 
observer. 

(2)  Not  until  a  noticeable  interval  after  the  stimulus  does 
the  auditory  image  appear.  It  then  swells  suddenly  out  into 
its  maximal  clearness  and  intensit}^  in  the  timbre  of  the 
stimulus,  localized  at  the  instrument,  and  usually  devoid  at  first 
of  all  those  adjuncts  just  mentioned. 

(3)  Left  by  itself  it  then  decreases  in  intensity  and  clear- 
ness. To  offset  this,  the  observer  has  recourse  to  various 
memorial  aids;  he  visualizes  the  instrument,  contracts  his  throat 
with  incipient  humming  (changing  the  timbre  and  localization 
of  the  image) ,  and  exhibits  all  those  muscular  phenomena  which 
characterize  active  attention,  with  emphasis  also  upon  certain 
similar  phenomena  (notably  in  connection  with  respiration) 
which  are  felt  to  be  especially  effective  for  attention  to  an  au- 
ditory image.  Despite  these  efiforts,  attention  must  wane, 
and  with  attention,  the  image.  It  suffers  most  noticeably  in 
intensity,  less  in  clearness,  and  least  in  quality  (here  by  tending 
to  flat  or  by  getting  mixed  with  other  auditory  images).  Some 
observers  exhibit  a  long  inaccurate  retention,  others  a  shorter 
but  more  accurate  retention.^ 

(4)  As  a  rule  the  image,  under  the  conditions  of  our  tests, 
is  of  little  avail  for  discrimination  at  the  expiration  of  30 
seconds,  while  it  is  very  often  entirely  gone  at  60  seconds.'^ 
This  decline  and  loss  of  the  auditory  image  does  not  necessarily 
imply  a  corresponding  decline  and  loss  of  the  various  supple- 
mentary features  which  played  a  part  in  the  identification  of  N 

iC.  Stunipf :  op.  cit.,  I,  77. 

^This  is  quite  contrary  to  the  conclusion  of  W.  v.  Tschisch,  who 
says  {Drittcr  Intern.  Cong.f.  Psych.,  Munich,  1897,  p.  108):  "Ebeuso 
ist  es  eine  allgemein  bekannte  Thatsache,  dass  wir  die  Qualitat  von 
Gehorswahrnehmungen  einige  Minuten  hiudurch  mit  aller  Scharfe 
behalten,  wahrend  gute  Musiker  in  dieser  Beziehung  iiber  ein  erstaun- 
liches  Gedachtniss  verfiigen."  Stumpf  s  violin  test  {^op.  cit.,  230-1) 
is  entirely  off  the  point  so  far  as  it  pretends  to  indicate  the  reliability 
of  the  tonal  memory  image.  The  tuning  of  a  stringed  instrument, 
according  to  our  experience,  ma}-  be  effected  with  some  accuracy,  after 
any  amount  of  elapsed  time,  by  the  aid  of  certain  secondary  criteria, — 
tension  of  the  string,  sympathetic  resonance  of  the  other  strings,  etc. 
Compare  Bentley's  results  already  cited,  to  the  effect  that  brightness 
images  could  be  recalled  better  at  the  end  of  five  minutes  than  at  the 
end  of  one  minute. 
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and  which  may  have  persisted  in  the  background,  now  to  be- 
come themselves  the  objects  of  attention. 

(5)  When  the  compari.son  stimulus  sounds,  it  is,  under 
favorable  conditions,  immediately  known  to  be  '  equal,'  '  high  ' 
or  '  low; '  this  whether  or  not  there  is  at  the  moment  any  trace 
of  the  auditory  image  in  consciousness. 

(6)  If  the  image  is  present  and  V  is  identical,  the  experience 
appeals  to  the  observer  as  distinctly  auditory,  V  re-enforces,  or 
flows  into,  the  image;  if  the  image  is  not  present,  the  ex- 
perience may  still  feel  largely  auditory;  V  is  the  same  tone,  a 
familiar  to7ic. 

(7)  If  V  differs  from  N,  the  process  is  not,  as  a  rule,  felt 
to  be  so  largely  auditory;  the  attention  is  entirely  taken  by  a 
complex  '  something  '  which  stands  for  '  high  '  or  '  low.'  (We 
use  these  terms  advisedly  in  place  of  'higher'  or  'lower.') 
What  the  'something'  is,  depends  upon  the  individual;  its  core 
is  usually  a  complex  of  strain  sensations,  its  remoter  elements 
visual  or  organic. 

(8)  Sometimes  there  is  a  feeling  of  difference  not  standing 
specificalh'  for  either  '  up  '  or  '  down.' 

(9)  If  V  fails  to  engender  either  the  reaction  of  familiarity 
or  of  .specific  difference,  the  observer  resorts  to  auditory  com- 
parison, i.  e.,  he  hears  the  image  of  V  alternate  with  the  image 
of  N.  The  resulting  decision  is  usually  uncertain  and  very 
apt  to  be  incorrect. 

(10)  Pleasantness  is  the  correlate  of  '  certain  'judgments, 
not  of  any  one  of  the  categories  '  equal,'  '  higher  '  or  '  lower.' 

(11)  The  verbal  formulation  arises  only  after  the  decision 
has  been  made  otherwise. 

(12)  The  relation  of  speed  of  judgment  to  certainty  of  judg- 
ment is  summarized  conspicuously  in  Table  III;  that  of  cer- 
tainty to  correctness  in  Table  IV;  that  of  speed  and  immediacy 
to  correctness  in  Table  V. 

Tabids  III. 
Correlation  of  Speed  and  Certainty. 


Observer 

M 
IV 
S 
F 
Wh 

Total 


IMMEDIATE 


Certain 

119 
22 

42 
161 
194 

538 


Uncertain 

9 

4 
2 

39 

24 

78 


COMPARED 


Certain 

54 
69 

17 


143 


Uncertain 

52 
71 
48 
40 
33 

244 
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It  must  be  explained  that  iu  Table  III  the  compared  cases 
for  H^  include  the  type  which  he  characterizes  as  "  quick  com- 
parison," and  that  the  17  cases  for  .5"  include  many  instances 
in  which  the  judgment  is  deliberated  for  the  sake  only  of  iden- 
tifying its  "  feel  "  with  that  of  some  previous  test,  but  without 
any  comparison  of  images.  Z.'s  results  are  omitted  because 
the  data  are  insufficient.  It  should  be  further  stated  that  in 
the  case  of  W/i,  the  correlation  is  somewhat  more  detailed  than 
the  Table  implies;  thus,  as  a  rule,  instantaneous  judgments  are 
absolutely  certain;  quick  are  certain;  slow,  less  certain;  and  de- 
liberated uncertain.  The  24  immediate  but  uncertain  cases  of 
ll7i  are  nearly  all  from  the  longer  intervals.  There  is  an  im- 
mediate judgment  of  'plus'  or  '  miiius,''  but  the  difference  is 
so  very  wide  that  there  is  uncertainty.  So  these  few  cases  can- 
not be  said  to  make  against  the  generalization  that  immediate 
judgments  are  correct  and  certain^ 

Table  IV. 
Correlation  of  Certainty  and  Correctness. 


D  = 

0 

D  = 

+  8 

D  = 

—  8 

ALL  D'S. 

r 

IV 

r 

w 

r 

w 

r            w 

Certain 
Uncertain 

230 
72 

60 
91 

217 
68 

92 
67 

202 

96 

83 
68 

649    235 
236    226 

Table  V. 
Correlation  of  Immediacy  and  Correctness. 


D  = 

0 

D  = 

+  8 

D  = 

—  8 

ALL 

D'S. 

Observer* 

r 

zv 

r 

w 

r 

w 

r 

w 

i) 

M 

.^8 

8 

26 

7 

15 

14 

79 

29 

<a 

S 

12 

3 

8 

8 

5 

II 

25 

22 

-73 

F 

44 

19 

67 

7 

,S3 

12 

164 

.38 

a 

Wh 

62 

II 

62 

9 

70 

6 

194 

26 

Total 

156 

41 

163 

31 

143 

43 

462 

115 

^ 

M 

II 

15 

12 

24 

27 

17 

50 

56 

t 

S 

2 

8 

7 

9 

12 

7 

21 

24 

F 

8 

10 

4 

2 

II 

5 

23 

17 

S 
0 

Wh 

8 

4 

7 

6 

9 

I 

24 

II 

a 

Total 

29 

37 

30 

41 

59 

30 

118 

108 

*Obser\'ers  W  and  L  omitted  for  want  of  accurate  data. 


^Cf.  the  results  of  Martin  and  Miiller,  op.  cit.,  197  ff. 
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Part    II. 

The  experimental  work  comprised  under  Part  II  is  subdivided 
into  four  more  or  less  distinct  series. 

Series  i. 

The  first  series  embraces  six  groups  of  36  tests  each  with  in- 
trospection recorded  after  every  four  tests  instead  of  after  each 
test  as  before.  The  qualitative  results  gained  by  this  arrange- 
ment are  not  detailed  enough  to  warrant  its  recommendation 
throughout  a  whole  investigation.  They  demand  a  more  sub- 
stantial backing,  such  as  is  afforded  by  the  method  of  Part 
I,  in  which  introspection  is  taken  after  each  test.  A  single 
time-interval  (10  seconds)^  and  a  single  D  (8  vibrations)  are  em- 
ployed throughout.  The  image  is  actively  held.  The  tonome- 
ter is  replaced  by  the  Stern  blown  bottle  apparatus.'^  There 
are  used  four  standard  tones,  a,  b,  c,  d,  corresponding  to  the 
settings  2,  10,  18,  and  26  of  the  recording  device  upon  the  in- 
strument, and  to  the  pitches  233.6,  256,  276.4  and  300.8  vibs. 
respectively,  and  also  eight  variable  tones  {a,  b,  c,  flf,±8  vibs.). 

The  objects  of  Series  i  are  to  get  a  fairly  large  number  of 
.tests  with  a  single  time-interval,  to  see  whether  long  practice 
changes  the  method  of  judgment,  to  compare  the  results  of 
blown  bottie  tones  with  tonometer  clangs,  and  to  prepare  the  ob- 
servers for  tests  with  the  bottle  tones  by  the  method  of  con- 
tinuous change. 

The  observers  are  M,  S,  IVh,  B  (Miss  A,  M.  Baldwin),  and 
O  (Mr.  R.  Ogden).^ 

^Ten  seconds  was  chosen  because  it  affords  a  suitable  time  in  which 
to  operate  the  apparatus  carefully  and  noiselessly,  and  because  it  is  a 
favorable  period  for  introspection. 

^For  a  general  description,  see  Zeits.f.  Psych,  u.  Physiol.,  XI,  1S96,  4- 
12  and  XXI,  1899,  361-4.  In  all  the  experiments  of  Part  II  the  bottle 
is  blown  by  compressed  air  from  a  tank  in  which  the  pressure  is  be- 
tween I  and  2  kg.  per  sq.  cm.,  the  pressure  at  the  stop-cock  being 
regulated,  by  manometer  guages  and  a  patent  valve,  at  slightly  less 
than  }i  kg.  per  sq.  cm.  The  slight  hissing  sound  of  the  current  of  air 
may  be  lessened  by  a  'reducer,'  a  glass  tube  of  small  bore  introduced 
within  the  large  rubber  feed  tube  where  the  latter  attaches  to  the  pro- 
jecting glass  tube  of  the  bottle.  Thanks  to  this  device,  the  hiss  was 
inaudible  at  the  distance  of  the  subjects.  It  is  essential  that  the  cog- 
wheels be  heavily  smeared  with  graphite  to  stop  the  rattle  of  the  gear- 
ing, which  otherwise  not  onh'  distracts  the  attention,  but,  owing  to  the 
difference  in  the  sound  between  going  up  and  going  down,  indicates 
the  direction  of  the  coming  V.  As  it  was,  we  found  it  advisable  to 
'blind'  the  observers  by  simulating  movements  in  both  directions 
whether  the  actual  V  was  to  be  '  same,'  '  higher  '  or  '  lower.' 

^The  quantitative  results  obtained  from  O  are  omitted  from  the 
Tables  because  illness  prevented  bis  participation  in  the  work  beyond 
this  series,  but  full  advantage  has  been  taken  of  his  introspective 
reports. 
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Observer  B  is  to  be  classed  as  distinctly  musical;  has  taken  lessons  upon  piano 
and  guitar;  has  done  much  playing  both  as  soloist  and  accompanist,  especially 
with  the  guitar;  sings  mezzo-soprano;  whistles,  i?  is  very  fond  of  the  orchestra; 
often  has  centrally  excited  music,  but  finds  it  somewhat  difificult  to  memorize. 

Quantitative  Results. 

(i)  The  total  number  of  right  cases  remains  practically- 
constant  from  day  to  day. 

(2)  There  are  very  slightly  more  right  cases  when  D:=±8 
than  when  D  =  o,  a  result  quite  different  from  that  of  the  tono- 
meter tests.  This  difference  is,  however,  due  to  the  difference 
in  the  individuals  concerned. 

(3)  Subjects  M,  S  and  Wh  (who  had  taken  both  series) 
make  fewer  errors  with  the  bottle  than  with  the  tonometer, 
413  to  354  on  a  scale  of  540  tests.  The  manner  of  distribution 
of  the  right  cases  is  the  same  in  both  series  for  S  and  Wh  (5* 
having  more  when  D  =  o,  Wh  least  when  D= — 8),  but  for  M 
the  majority  of  right  cases  shifts  from  the  column  of  D=:o  to 
those  of  D=±8,  largely  on  account  of  the  predominance  in  the 
bottle  series  of  the  error  = — . 

(4)  As  in  Part  I,  the  most  frequent  error  is — =. 

Qualitative  Restdts. 

All  the  general  conclusions  of  Part  I  are  confirmed,  especially 
the  correlation  of  immediacy,  certainty  and  accuracj-  of  judg- 
ment. On  the  other  hand,  this  series  shows  even  greater  in- 
dividual differences  in  the  methods  of  judgment  and  in  the 
types  of  error  than  did  the  series  of  Part  I.  Subjects  O  and  B^ 
especially  the  former,  being  entirely  new  to  the  work,  exhibit 
at  first  a  sharp  contrast  to  the  better  trained  observers,  but  the 
inequality  is  soon  remedied,  and  their  introspection  has  the  merit 
of  revealing  how  the  methods  and  standards  of  judgment  of  a 
given  individual  are  liable  to  alter  in  a  long  series  conducted 
under  constant  objective  conditions. 

Observer  O. 

O  shows  the  effect  of  practice  upon  both  retentiveness  and 
discrimination.  At  first  his  images  are  fluctuating  and  especially 
uncertain  in  quality.  Later  they  are  held  steadily  throughout 
the  interval.  Moreover  O  exhibits  here  what  is  still  better 
brought  out  in  Part  III,— the  transition  from  the  slow,  image- 
dependent,  deliberate  type  of  judgment  to  the  flash-like,  imme- 
diate, very  certain  and  imageless  type.  It  is  an  interesting 
example  of  the  short-cut  tendencj'  in  mental  operations.  In 
this  final  stage,  (9's  introspection  most  resembles  that  of  F 
or  Wh.  The  image,  which  emerges  in  from  one  to  two  seconds 
after  N,  is  in  the  bottle  timbre,  steady  in  qualit}',  varying  slightly 
in  intensity  with  the  breathing  and  often  supported  by  ' '  bodil}- 
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feelings,  ''e.g.,  "  Felt  image  in  mouth. "  "  Unconsciously  repre- 
sented the  feeling  of  N  hy  moving  m}^  pencil-point  the  way  it 
felt."  In  his  judgments  of  '  higher  '  and  'lower,'  O  develops 
a  new  type,  as  they  are  based  upon  rather  widespread  strain 
and  organic  sensations.  "  If  V  differs  from  N,  it  affects  my 
body  differently.  I  have  a  rising  feeling  for  higher  tones,  a 
lowering  feeling  for  lower."  There  is  one  good  illustration  of 
the  effect  of  fatigue  upon  the  judgment  process.  "Got  inat- 
tentive. Had  to  repeat  the  images  of  N  and  V  alternately  two 
or  three  times,  yet  I  had  good  images  and  the  difference  was 
marked  and  certain,  once  I  had  rendered  the  decision." 

Observe7'  B. 

During  the  second  day's  experimentation  B  reports  that  often 
N,  less  often  V,  rises  in  pitch  just  as  the  air  is  shut  off.^  This 
rise  often  causes  the  image  to  be  obscure, — "Didn't  know 
which  part  of  the  tone  to  remember," — and,  it  is  asserted,  is 
the  main  cause  of  whatever  hesitancy  the  judgments  exhibit. 
The  image  appears  after  an  imageless  gap,  is  in  the  btittle 
timbre,  located  doubtfully  in  the  head,  with  the  usual  fluctua- 
tions in  intensity.  B  thinks  that  there  may  be  a  slight  tendency 
for  the  higher  images  to  flat,  and  a  slight  effort,  chiefly  facial, 
to  keep  them  up.  B  has  few  slow  decisions,  even  from  the 
outset.  Unfortunately  she  is  unable  to  analyze  the  rapid-certain 
t3'pe,  so  that  the  introspective  account  of  her  judgments  mu.st 
be  confined  to  a  record  of  their  certainty,  speed  and  depend- 
ence upon  the  image.  There  is  little  light  on  the  last  point. 
The  certain,  immediate  judgments  are  made  with  good,  bad  and 

'  This  phenomenon  is  also  reported  a  very  few  times  by  O,  and  Wh,  while  M  and 
S  merely  say  that  at  times  the  notes  seem  like  a  curved  line,  swelling  in  the  middle, 
5  adding  that  it  is  a  change  of  intensity.  The  explanation  of  this  seeming  rise  is 
difficult.  Very  careful  trials  show  that  at  a  certain  position  of  the  air-cock,  when  the 
air  is  nearly  shut  off,  the  second  partial  of  the  bottle  tone  can  be  heard  with  some 
distinctness.  Now  since  the  movement  of  turning  the  valve  through  a  quarter-turn 
occupies  but  a  brief  fraction  of  a  second,  and  since  this  partial  appears  only  when 
the  valve  is  passing  through  a  single  very  limited  position  in  the  arc,  it  is  clear  that 
there  can  be  only  an  extremely  brief  variation  in  the  color  of  the  tone  as  it  is  shut 
off.  This  variation  may  be  perceived,  subjectively  exaggerated  in  duration,  and 
misinterpreted  as  a  qualitative  change.  Besides  this,  there  is  the  possibility  that 
the  simple  fall  in  the  intensity  of  the  tone,  occupying,  say,  ^15  second,  is  in  itself 
sufficient  to  engender  the  illusion.  (Compare  the  subjective  rise  in  a  dying  tuning 
fork  tone.  Stumpf,  Totipsychologie,  I,  242  f.,  254  ff.,  II,  237;  also  incidental  reference 
to  rise  in  tonometer  clang,  p.  432)  If  there  is  any  purely  qualitative  objective 
error  in  the  blown  bottle,  it  must  be  a  tendency  to  fiat,  for  if  the  mercury  be  re- 
placed by  water,  or  even  glycerine,  one  finds  that  the  thrusts  of  the  air-blast  force 
the  liquid,  after  the  first  moment  of  inertia,  down  the  bottle  and  up  into  the  varia- 
tor,  thus  flatting  the  pitch.  We  never,  however,  observed  any  movement  of  this 
sort  with  mercury,  nor  was  there  any  observable  lowering  of  pitch.  It  seems,  then, 
impossible  to  say  whether  the  rise  effect  is  entirely  subjective  or  an  illusion  based 
upon  a  brief  shift  in  the  intensity  or  color  at  the  end  of  the  tone. 


I 


450  WHIPPLE : 

indifferent  images;  while,  on  the  other  hand,  poor  images  some- 
times entail  uncertain  judgments.  The  solution  of  this  in- 
congruity appears  in  the  fact  that  the  latter  condition  holds 
true  only  when  there  is  general  weariness  of  body,  and  hence 
less  strenuous  attention  to  N.  If  this  be  granted,  it  confirms 
the  principle  previously  set  forth,  viz.:  that  good  attention  to 
N,  not  a  good  image,  is  the  prerequisite  of  a  good  judgment. 
With  B,  the  doubtful  or  hesitating  judgments  are  most  frequent 
W'hen  D  =  o,  almost  nil,  2  out  of  60,  when  D:^-|~8,  and  quite 
frequentwhenD= — 8.  It  is  an  obvious  corollar)^  that  judgments 
of  'phis''  are  very  certain,  rapid  and  accurate  (only  one  error 
in  60  tests);  and,  what  is  more,  the  difference  is  then  much  ex- 
aggerated, e.  g.,  V  is  judged  to  be  a  third,  a  fifth,  or  even  an 
octave  higher  than  N.'  The  introspection  does  not  explain  this 
excellence  in  'phis  '  judgments.  We  may  assume  that  it  is 
due  to  some  tendency,  not  further  explicable,  to  pass  this  de- 
cision. '  Equal '  was  actuallj'  pronounced  47  times,  'phis'  72 
times,  '  vihius'  61  times.  All  certain  judgments  are  made 
"  as  soon  as  V  begins  to  sound."  A  wait  of  even  two  seconds 
would  mean  a  doubtful  decision.  Fatigue  may  bring  it  about 
that  both  sorts  of  judgment  take  place;  there  is  an  instantane- 
ous decision,  "  founded  on  impulse,"  followed  by  a  comparison 
of  the  two  images.  It  appears  that  not  only  tonal  intervals, 
but  also  time-intervals  are  subject  to  overestimation,  for  some 
of  B's  deliberated  judgments  are  registered  as  occupying  the 
preposterous  time  of  10,  20  and  even  30  seconds. 

Turning  to  those  observers  who  participated  in  Part  I,  we 
have  to  inquire  what  new  introspection  is  afforded  b}^  the  con- 
ditions of  the  present  series. 

Observer  M. 

N  causes  visualizations  less  often,  blue  being  especially  pre- 
dominant. Associations  are  quite  frequent,  as  before:  e.g., 
"Like  a  cork  bursting  from  a  bottle  of  fermenting  cider." 
"  Like  cobwebs  and  dust."  "Buzzed  in  my  head  like  a  bee 
in  a  paper  bag."  The  judgments  are  at  first  varied  in  na- 
ture, but,  as  practice  with  the  bottle  tones  proceeds,  they 
settle  down  into  practically  two  types,  the  purely  auditory 
for  cases  of  equality  and  the  auditory-visual- motor  type  for 
cases  of  difierence.  There  seems  to  be  much  less  vi.sual  aid 
than  in  the  tonometer  series,  and  much  more  muscular  aid. 

^Tonal  intervals  on  the  blown  bottle  are  overestimated  by  all  the 
observers.  This  fact  is,  perhaps,  foreshadowed  in  the  'rise'  phenom- 
enon just  discussed  ;  it  is  further  brought  out  by  the  distinctions 
made  by  the  observers  between  the  "high"  "  middle  "  and  "low" 
standards  used,  although  the  interval  from  a  \.o  d  is  but  66.2  vibs.. 
equivalent  in  this  region  to  about  a  major  third. 
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Illustrations  are  :  "With  equal  tones,  judgment  does  not  seem 
to  be  spatial,  but  seems  to  be  a  flowing  together,  like  a  mix- 
ture of  two  glasses  of  water.  It  is  thoroughly  auditor}-  and 
not  at  all  visual. ' '  ' '  Before  V  sounds,  mj'  eyes,  which  are  shut, 
are  fixed  on  a  level;  at  V  they  move,  or  tend  to  move,  up  or 
down,  as  V  dictates,  thus  denoting  higher  or  lower."  "  I  can 
say  positively  that  it  is  not  the  image,  but  the  first  position 
taken  by  V  that  determines  the  relation  of  the  two."  "  I  feel 
or  see  a  raising  or  lowering  when  V  is  higher  or  lower. ' '  There 
is  one  curious  case  of  disparity  between  the  '  expressed  '  and 
the  'felt'  judgment,  "Verbal  judgment  was  'equal,'  but 
mental  judgment  was  'minus.''  "  With  the  bottle,  difference 
and  direction  are  both  cognized  at  once,  with  the  exception  of 
one  instance.  Quantitatively  the  peculiarity  of  Af's  results  in 
this  series  is  the  frequency  of  the  error  = — which  occurs  15 
times  in  60  tests.  It  seems  impossible  to  explain  this  frequency 
whether  by  appeal  to  the  introspection  or  to  the  distribution  of 
the  errors  when  D  is  ±8. 

Observer  S. 

The  introspection  is  very  similar  to  that  of  Part  I.  The 
tones  arouse  fewer  colors  than  the  reed  clangs,  but  perhaps 
more  general  associations  of  objects,  most  frequent  being  steam- 
boats and  trains,  from  the  whistle-like  sound  of  the  bottle.  "Had 
a  vivid  picture  of  something  moving  very  swiftly,  like  a  train. 
Saw  it  begin  and  stop.  This  recurred  through  the  interval  and 
V  was  like  it."  The  apparatus  is  often  strongly  visualized  to 
hold  the  image. ^  In  the  judgments  the  qualitative  change  is 
several  times  misinterpreted  as  an  intensive  difference  only. 
There  are  a  very  large  number  of  doubtful  cases, — cases  in  which, 
had  the  impulse  toward  a  decision  been  followed,  the  majority 
would  have  been  correct.  5  is  able  now  to  distinguish  three 
speeds  of  judgment ;  a  very  quick,  completed  before  V  is  half 
over;  a  quick,  made  directly  after  V  ceases;  a  slow,  necessitating 
two  or  three  comparisons  of  images.  Direction  is  still  cognized 
after,  and  less  easily  than,  difference,  and  in  one  case  light  is 
throwm  upon  the  mechanism  of  judgment  as  it  is  conditioned 
by  what  might  be  called  ease  of  reproduction.  "  I  knew  the 
difference  easily,  but  not  the  direction.  Said  'lower'  because 
it  is  easier  to  say." 

Observer   Wh. 

In  general,  Wh  has  similar  reports  to  those  of  Part  I.  I/ike 
./J/ and  .S  he  has  more  associations  with  the  bottle  tones,  e.  g., 
"  N  tight  and  strained,  like  a  quarrel  or  some  distressing  situa- 

^Cf.  Wh  in  Parti. 
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tion."  "The  '  choppy  '  start  of  the  tones  is  pleasant,  like  the 
plunge  into  water  in  diving."  "Verbal  association — 'clown- 
ish,' a  laughable  tone  as  if  it  tried  to  be  mock-serious,  or  to  be 
somebody  big  in  vain."  The  image  is  in  the  bottle  timbre, 
localized  at  the  instrument,  and  held  strongly  by  visualization  of 
the  machine.  Toward  the  end  of  the  series  the  incipient  sing- 
ing mentioned  in  Part  I  becomes  less  prominent.  "  No  ten- 
dency to  sing  or  contract  the  throat  now.  The  idea  occurred  to 
me  during  one  interval,  but  seemed  odd  and  foreign  to  my 
present  method,  though  these  tones  are  within  the  region  of  my 
voice."  There  is  none  of  the  double  image  effect  so  frequent 
before,  but  instead  such  effects  as  these, — "Had  an  idea  that 
there  are  realh'  two  sorts  of  images,  of  the  same  pitch  however. 
One  I  try  to  hold  ;  it  is  weak  and  bothers  me  ;  the  other,  clear 
and  intense,  asserts  itself  like  an  after-image,  without  volition." 
In  the  first  few  days  also  there  is  "an  alternation  between  the 
bottle  image  and  another  one  in  my  own  voice. ' '  On  the  first 
trial  of  the  bottle  W/i  has  very  poor  judgments  indeed,  but  it 
is  imposible  to  say  whether  because  of  the  newness  of  the  tones 
or  because  of  the  loss  of  practice  during  the  summer  vacation. 
The  judgments  take  place  much  as  in  Part  I.  The  following  in- 
trospections are  inserted,  as  they  make  the  nature  of  the  process 
somewhat  clearer  than  before.  ' '  Some  '  equal '  judgments  have 
nothing  about  them  but  simple  familiarity  ;  there  is  no  tonal 
reference  at  all."  "  In  this  'equal'  judgment,  I  had  an  effect 
of  repetition  and  coincidence,  and  an  association  of  touching  a 
place  on  the  skin  twice,  as  in  experiments  on  cutaneous  local- 
ization, in  which,  if  you  happen  to  hit  the  point  stimulated,  3'ou 
know  it  because  it  is  more  sensitive.  Just  so  my  auditory 
apparatus  seems  more  sensitive  to  a  repeated  tone. "  "  The  mus- 
cular strains  which  give  a  spatial  setting  to  judgments  of  differ- 
ence are  certain  enough,  but  very  difficult  to  analyze  farther  ; 
they  seem  simply  to  stand  as  symbols  of  auditory  rise  or  fall 
and  are  hence  very  elusive  when  attended  to  for  their  own 
sake."  "When  the  D  is  subjectively  very  wide,  the  judg- 
ment consciousness  is  apt  to  be  very  spatial.  The  image  is 
(almost)  visualized  as  a  thing  here,  and  V  as  a  thing  there, 
about  five  inches  away,  to  the  right  and  higher,  or  to  the  left 
and  lower."  "The  verbal  contents  of  the  judgment,  <?.  ,^., 
the  words  'pins'  'same,'  are  not  as  usual  present  until  some 
moments  after  the  decision  is  made."  "Fatigue  interferes 
with  the  images,  but  seldom  with  the  judgment."  "If  the 
image  is  good  and  steady,  it  is  a  part  of  the  judgment  con- 
sciousness, not  as  a  standard  of  comparison,  for  it  is  to  V  only 
that  I  attend;  moreover,  often  the  images  are  poor  or  lacking, 
but  the  judgment  goes  on  just  the  same." 
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Series  2. 

This  section  includes  two  groups  of  36  tests  with  each  subject, 
10  seconds  interval,  but  made  with  the  tonometer.  For  the  sake  of 
distribution  of  practice  they  are  interpolated  in  Series  i ,  but  may- 
be conveniently^  regarded  as  a  distinct  series.  The  object  is  to 
gain  additional  data  for  the  comparison  of  the  tonometer  and 
the  bottle  as  .sources  of  sound.  The  image  is,  as  before,  actively 
held;  the  observers  are  those  of  Series  i,  with  the  exception 

of  a 

The  most  obvious  quantitative  result  is  that  the  shift  of  in- 
strument diminished  the  number  of  right  cases  in  the  first 
trial.  In  the  second,  every  observer  improves ;  the  total 
number  of  right  cases  increases  15%.  This  increase  is  most 
striking  for  B,  who  had  never  heard  the  tonometer  before.  Her 
introspection  shows  that  the,  to  her  unusual,  '  reedy  '  color  of 
the  instrument  obscured^  at  first  the  purely  qualitative  varia- 
tions given;  quantitativel)' this  influence  shows  in  the  fact  that 
in  the  24  tests  in  w^hich  V  differs  from  N,  there  are  nine  errors 
caused  by  judging  '  equal '  instead  of  '  higher'  or  '  lower.'  But 
these  effects  are  not  limited  to  B\  even  observers  M,  S  and 
Wh,  who  have  had  one  year's  practice  upon  the  tonometer, 
find  it  very  difficult  to  adjust  themselves  at  once  to  the 
change  in  the  stimuli;  images  are  at  first  poor  and  uncertain,^ 
while  the  judgments  are  slowly  made,  with  little  assurance  or 
accuracy.  As  in  Part  I,  the  clangs  arouse  brilliant  photismsin 
the  case  of  M,  while  Wh  falls  back  into  the  habit  of  con- 
tracting the  pharynx  to  hold  the  image,  a  tendenc}'  which  is 
strong  in  Part  I,  but  gradually  lost  in  Series  i  of  Part  II.  This 
tendency  seems  engendered  by  the  higher  pitch,  not  by  the 
altered  color  of  the  clangs.  There  is  also  an  indication  of  a 
shift  in  the  subjective  standard  of  excellence  for  Wh.  "  I  think 
that  what  I  am  calling  a  good  image  now  is  not  as  a  rule  up  to 
those  termed  '  good  '  last  year;  perhaps  because  I  don't  need 
the  images  so  much  now. ' ' 

Series  j. 

This  series  comprises  two  groups  of  12  tests  with  each  sub- 
ject, bottle  tones,  with  40  seconds  interval.  The  object  is  to 
get  introspections  and  data  for  bottle  tones  for  a  longer  inter- 
val than  ID  seconds.  The  observers  are  those  of  Series  2;  the 
image  is  activel}'  held;  introspection  is  written  at  the  end  of 
each  test.     A  ready  signal  is  given  just  before  V.     The  most 

1  Stumpf,  op.  cit.,  I,  235.  "Aber  selbst  die  Frage,  welcher  Ton  hoher, 
wird  bei  ungewohnter  Klangfarbe  schwieriger." 

^  Apparently  indicative  of  a  loss  of  practice  in  ideating  a  specific 
sort  of  image,  rather  than  a  loss  of  practice  in  attention.  Cf.  Stumpf, 
op.  cit.,  I,  75  ff. 
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striking  fact  evinced  by  the  quantitative  results  is  one,  con- 
firmative of  Wolfe  and  of  Angell  and  Harwood,  which  we  have 
already  mentioned  in  Part  I,viz. :  with  a  long  time-interval  the 
number  of  right  cases  for  either  D=-)-8  or  D  =  —  8  is  greater 
than  that  for  D  =  o;  in  the  present  case  it  is  more  than  twice 
as  great.  In  other  words,  with  long  time-intervals,  difference 
and  its  direction  are  much  more  readily  noted  than  sameness;  or, 
put  in  obverse  form,  the  two  most  frequent  errors  are  = — and  = 
-\-.  ^  never  gives  the  judgment  '  equal '  duringthe  entire  series; 
A/  has  but  one  right  case  in  8  when  D=:o,  while,  with  the 
other  observers,  positive  judgments  of  equality  are  relatively 
very  infrequent.  Immediate  judgments  of  '  higher  '  or  '  lower  ' 
are,  on  the  other  hand,  in  the  predominance,  and  are  made 
without  any  trace  of  the  auditor}^  image.  The  image  has,  for 
most  observers,  become  exceedingly  obscure  and  faint  by  about 
30  seconds,  and  is  often  entirely  absent  by  the  40th  second. 
Assurance  is  lessened  more  rapidly  than  objective  accuracy. 
The  following  bits  of  introspection  culled  from  this  series  throw 
additional  light  upon  the  course  of  the  image  and  of  the 
judgment  process.  "Held  image  by  thinking  how  it  would 
sound  if  a  man  were  to  sing  it "  (S).^  "  It  seems  impossible  to 
hold  image  at  all  well  with  my  head  held  erect  or  backwards. 
I  have  to  lean  forward,  and  if  very  anxious,  to  rest  my  head 
on  my  hands  with  ray  elbows  on  my  knees.  This  attitude 
seems  necessary  to  attention  to  the  image"  {Wh).  "Image 
mixed  up  with  another  higher  image,  and  they  recurred  inter- 
changeabl5\  Very  annoying.  V  seemed  to  settle  the  difl&culty, 
as  the  lower  of  the  two  was  at  once  felt  to  be  the  right  image  " 
{M).  {Cf.  Wh  in  Part  I.)  "  Muscular  strains  in  throat  and 
chest  to  keep  the  image  in  its  proper  '  plane,'  i.  e.,  I  held  the 
muscles  of  my  body  up  to  the  '  level  '  of  the  tone,  and  then  re- 
laxed to  the  level  of  V^  when  it  came."  "  I  believe  I  never  think 
the  tones  are  equal  because  at  40  seconds  the  image  has  a  sort  of 
'  silent  softness,'  while  V  sounds  terribly  loud  and  material,  so 
utterly  different  that  it  is  hard  to  see  any  sameness  of  pitch, 
but  real  difference  I  can  tell  easily  "  {M).  "  Auditory  image 
absolutely  lost.  V  immediately  noted  as  '  away  below.'  N 
must  be  held  physiologically  better  than  it  is  consciously,  but 
how,  it  is  impossible  to  say.  These  judgments  are  too  quick 
and  surpri.sing  to  analyze.  It  is  a  verj'  odd  feeling  to  have  no 
idea  where  N  is,  and  yet  feel  that  V  is  below.'"  "  Good  strong 
image,  but  it  sharped  slightly.  Knew  it  because  V  was  below 
it,  and  j-et  V  was  so  strongly  familiar  that  I  unhesitatingly 
judged  '  equal  '  to  the  neglect  of  the  testimonj^  of  the  auditor}' 
image."      "  This  long  interval  affects  my  general  as.surance,  so 

^  Cf.  the  predilection  for  low  tones  and  male  voices,  p.  420. 
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that  while  I  make  very  rapid  judgments  (usually  correct  also), 
I  don't  like  to  put  down  *  certain  '  till  perhaps  one  second  afier 
the  first  impulse  comes  "  (  H^A). 

Series  4.. 

The  four  observers  of  Series  2  and  3  are  given  36  tests  each, 
bottle  tones,  10  seconds  interval,  but  now,  for  the  first  time, 
with  instructions  to  forget  N  as  soon  as  possible  after  it  is 
given.  To  aid  in  this  attempt,  smells  are  employed  as  dis- 
tractors.  Some  30  odors, ^  both  pleasant  and  unpleasant,  con- 
sisting of  essential  oils,  perfumes  and  powders,  are  enclosed  in 
similar  vials  with  the  names  concealed.  The  observers  pick  up 
a  vial  at  random  (avoiding  repetition)  and  attend  vigorously 
to  the  odor  at  the  cessation  of  N.  Distraction  is  maintained,  if 
possible,  until  V  sounds. 

We  were  led  to  employ  odors  as  distractors,  first,  by  the  suc- 
cessful results  obtained  from  them  in  this  laboratory'  by  a  previ- 
ous investigator,  ^  and  secondly,  because  our  preliminary  tests  had 
showed  the  futility  for  this  purpose  of  such  processes  as  adding 
and  reading.  We  hardly  expected  to  attain  complete  distrac- 
tion for  so  long  a  time  as  10  seconds,  since  the  earlier  experi- 
ments had  merely  indicated  a  possibility  of  distraction  for  five 
seconds,  but,  as  Table  VI  shows,  we  were  happily  disappointed. 
When  supplemented  by  the  introspection,  this  Table  gives  a 
comprehensive  idea  of  the  effect  of  distraction.  From  both 
sources,  the  following  conclusions  may  be  drawn: 

(i)  Distraction  slightly  lessens  the  total  number  of  right  cases 
for  all  observers,  though,  it  may  be  added,  this  eiFect  is  not  due 
so  much  to  the  loss  or  impairment  of  the  image  as  to  the  time 
consumed  by  the  shift  of  'venue  '  at  the  moment  V  sounds;  V 
fails  to  '  sink  in  '  at  first  if  the  distraction  be  complete. 

(2)  We  must  distinguish  four  different  degrees  of  distraction: 
(a)  no  auditory  image  throughout  the  interval  or  in  the  judg- 
ment, (b)  a  momentary,  very  faint  reappearance  of  the  image 
once,  twice  (or  very  rarely  three  times)  during  the  interval, 
but  entire  absence  of  it  thereafter,  (r)  an  appearance  of  the 
image  near  the  end  of  the  interval,  persisting  into  the  judgment 
consciousness,  (d)  no  appearance  of  the  image  until  V  sounds, 
usually  not  until  V  has  ceased.  The  Table  shows  84  instances 
of  («),  33  of(b),  13  of  (r),  14  of  (^),  while  the  sum  of  (a) 
and  (b)  gives  117  out  of  144  cases  in  which  the  image  is  ef- 
fectually eliminated  from  consciousness  during  the  period  of  the 
decision. 

^Aset  prepared  by  Fritzsche  Bros.,  New  York.  For  the  qualities 
included,  see  E.  B.  Titchener,  Experimental  Psychology,  New  York, 
1901,  Part  II,  125  f. 

"L.  G.  Burch,  thisyc»«r«a/,  IX,  Oct.,  1897,  45. 
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Table  VI. 
The  effect  of  Distraction. 


(j6  cases.) 


Image 

None 

Momentarily 
in  interval 

In  interval 
and  atV 

At  or  after 
V  only 

Not 
at  V 

Total  right 
cases 

Judg. 

r 

w 

r         w 

r         w 

1 
r      w      1 

Ser.  4 

Ser.  I 

M 
B 
S 
(V/i 

14 
15 
10 

13 

5 

9 

14 

4 

8           0 

5           I 
2           0 

15           2 

3  0 

4  3 
I           2 
0          0 

2       4 
0      0 
4       2 
2       0 

27 
30 
26 
34 

27 
24 
17 
30 

28.2 
31.0 
21.0 
33-2 

Total 

52 

32 

30          3 

8          5 

8       6 

117 

98       II3-4 

(3)  The  degree  of  distraction  attained  varies  with  the  observer. 
Thus  Wh  has  (a)  and  (^b)  equally  often,  never  (c")  and  rarely 
{d):  B  never  has  (t/);  5*  is  most  easily  distracted  to  the  (a) 
degree.  Under  the  second  heading  B  has  the  image  only  at 
the  very  beginning,  M  and  Wh  later,  at  about  the  6th  second. 

(4)  If  one  can  trust  the  small  number  of  cases  involved,  com- 
plete distraction  is  much  more  damaging  to  accuracy  of  judg- 
ment than  is  distraction  of  the  second  type.  This  conclusion 
is  justified  by  the  introspection.  The  recall  of  the  image  at 
V  is  of  little  avail  for  the  purposes  of  comparison. 

(5)  Distraction  in  short  tifiie-intervals  prodtices  in  an  exagger- 
ated vianner  certain  phenoj7iena  of  judgment  previously  men- 
tioned as  a  feature  of  long  intervals^  viz.:  lessened  assurance,  a 
prominence  of  spatial  elejiients  in  judgments  of  difference,  and  a 
greater  nu7nber  of  iminediate,  certain  and  right  cases  for  both 
D=-\-8  and  D  =  —S  than  for  D  =  o. 

(6)  The  best  distractors  are  those  smells  that  arouse  interest, 
either  by  calli?ig  up  vivid  and  detailed  associatio?is,  or  by  beiyig 
particularly  elusive,  yet  puzzlingly  familiar;  they  may  be  pleas- 
ant or  2i7iplcasa)it. 

Typical  introspections  are  the  folloviing  :  "Image  gone  entirely, 
due  to  the  fact  that  I  thought  of  candied  orange  slices.  Amusing  and 
interesting"  {M}.  "Had  unpleasant  vision 'of  camphor  balls,  my 
trunk  and  a  dark  closet  at  Sage.  It  was  curious  ;  I  was  so  interested 
in  the  smell  that  when  V  came,  I  forgot  that  I  had  to  make  a  judg- 
ment, at  least  verbally.  However,  when  I  came  to  write  the  judg- 
ment, I  found  that  I  naturally  wrote  '  equal,  certain.'  No  possibility 
of  comparison  "  {M).  "  At  the  very  beginning  there  was  a  slight  im- 
age, but  it  was  lost  and  did  not  reappear.  The  odor  seemed  familiar, 
but  I  could  not  tell  its  name,  and  this  kept  me  busy  during  the  inter- 
val "  (B).  "  Made  a  conscious  effort  to  think  of  the  smell,  its  name, 
nature,  probable  origin,  etc."  (  IV/i).  "  Succeeded  perfectly  in  keep- 
ing the  image  away  bj-  vigorous  and  constant  sniffing  and  by  compar- 
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ing  the  intensity  of  the  odor  with  each  nostril"  {Wh).  The  remain- 
ing introspections  concerning  the  judgment  are  all  from  Wh.  "The 
'  wave  back  '  of  the  auditory  image  seems  to  come  when  my  first  wave 
of  attention  to  the  odor  dies  low.  It  is  not  hard  to  reinstate  the  smell 
consciousness.  I  have  a  hazy  feeling  that  this  recurrence,  brief  and 
vague  as  it  is,  may  somehow  make  the  judgment  easier;  that  it  leaves 
some  effect  which  would  not  otherwise  be  there."  "  At  about  the  6th 
second  the  image  was  back  for  a  moment.  I  thought,  'that 's  not  it.' 
Judgment  was  made  without  image,  a  wide  D,  spatial-motor  setting, 
and  at  once  came  the  thought  'that  image  zvas  all  right,'  i.  e.,  in- 
stead of  the  comparison  process,  I  really  checked  the  image  by  the 
imageless  judgment."  "  Good  distraction.  Judgment  immediate,  but 
not  quite  so  fast  as  in  experiments  without  distraction.  There  is  no 
hesitation  or  comparison,  but  the  feeling  does  not 'flash  out '  as  it 
does  sometimes.  Moreover,  after  many  of  the  quick  judgments  I  have 
doubts.  Often  I  almost  forget  what  to  write ;  the  judgment  con- 
sciousness is  more  fleeting.  In  the  previous  test  the  judgment  was  cer- 
tain when  made,  but  uncertain  at  the  time  I  wrote  it."  "Judgment 
just  a  quick  impulse  to  ' plus.^  As  I  wrote  it  down  a  sudden  uncer- 
tainty arose.  This  uncertainty  was  clearly  due  to  the  presence  in 
the  fringe  of  consciousness  of  some  other  judgment.  If  but  one 
judgment  arises  I  am  very  certain  ;  if  two  arise  with  one  distinctly 
predominant,  I  am  fairly  certain  ;  if  balanced  in  strength,  I  am  in  a 
state  of  doubt  and  considerable  unpleasantness." 

This  concludes  our  attempt  at  the  qualitative  analysi.s  of 
tonal  memory  as  it  is  investigated  with  the  use  of  discrete 
stimuli  and  the  modified  method  of  right  and  wrong  cases.  In 
a  subsequent  article  we  propose  still  further  to  examine  the 
judgment-consciousness  by  the  aid  of  the  continuous  change 
method,  and  to  give  a  general  resume  of  the  results  of  both 
methods. 
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Introduction. 

The  following  is  an  essay  toward  estimating  the  influence 
which  certain  aesthetic  notions,  and  especially  those  of  propor- 
tion and  symmetry,  more  or  less  directly,  but  often  uncon- 
sciously, may  exert  upon  ethical  theory,  and  through  that, 
upon  conduct. 

It  is  certain  that  a  simple  preference  for  symmetrical  ar- 
rangement has  influenced  the  political  history  of  countries  by 
affecting  the  circumstances  of  debate  and  the  division  into  par- 
ties; and  that  matters  so  vital  as  the  size  of  a  family  have  been 
affected  by  a  taste  for  even  numbers,  or  a  desire  for  equality  of 
numbers  on  the  score  of  sex.  In  the  section  on  Proportion  and 
the  Good  it  will  be  shown  how  profoundly  such  preconceptions 
may  influence  a  complete  Wcltanschatiung ;  and  the  ethical  im- 
portance for  good  or  evil  of  a  sensitive  appreciation  of  artistic 
form  will  be  suggested.  It  has  long  been  known  that  Shaftes- 
bury's views  are  those  of  an  aesthetic  mind  strongly  interested 
in  moral  and  religious  questions,  biit  the  extent  to  which  those 
views  were  moulded  by  two  or  three  closely  allied  notions,  pro- 
portion, symmetry,  harmony,  has  never  been  brought  to  evi- 
dence, and  it  is  hoped  that  the  effort  to  do  so  will  both  demon- 
strate the  permanent  worth  and  rich  content  of  his  works,  and 
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at  the  same  time  bring  into  clearer  light  his  relations  to  later 
philosophers,  such  as  Schelling  and  Herbart,  whose  main 
thoughts  he  foreshadowed. 

An  attempt  has  been  made  for  the  first  time  to  show  that  the 
lack  of  moral  seriousness  charged  against  Shaftesbury's  Ethics 
(Butler  and  many  others,  and  Wundt,  s.  327)  results  not  from 
any  inherent  defect  in  aesthetic  ethics  in  general,  but  only 
from  Shaftesbury's  seeming  lack  of  feeling  for  what  I  have 
ventured  to  call  transitional  or  provisional  forms.  (See  page 
491  of  this  essay.)  And  this  criticism  goes  so  far  as  to  rai.se 
the  question  whether  the  beautiful  in  conduct  is  not  rather 
honor  than  goodness,  and  with  that  whether  the  good  in  con- 
duct is  not  rather  pathetic,  tragic  and  sublime  than  beautiful 
in  the  strict  sense.  This  essay  was  finished  just  before  Dr. 
Rand's  book  appeared;  that  work  fully  confirms  the  estimate 
taken  of  Shaftesbury's  austerity. 

A  study  of  Shaftesbury  suggests  the  unexplored  wealth  of 
ideas  lying  hidden  in  aesthetics  and  in  literature,  which  call 
upon  modern  ethics  and  p.sychology  for  investigation  and  class- 
ification. 

§  I.  Proportion  as  Understood  by  Shaftesbury. 

The  word  proportion  plays  a  considerable  role  in  various 
branches  of  science,  such  as  mathematics,  chemistry,  music, 
and  aesthetics.  Rhetoric  has  its  "  law  of  due  proportion,"  which 
declares  that  a  thought  shall  receive  prominence  according  to 
its  importance  in  the  whole  piece.  In  ethics  the  idea  of  pro- 
portion was  clearly  grasped  already  by  Aristotle.  In  aesthetics 
great  stress  was  laid  upon  it  by  the  Greeks,  but  Plotinus  dis- 
carded the  ideas  of  proportion  and  symmetry  as  unessential; 
and  the  Greek  views  of  aesthetics  had  no  real  vitality  from  the 
time  of  Plotinus  to  that  of  the  renascence.  From  the  earliest 
times  books  have  been  written  on  the  proportions  of  the  human 
body.  These  culminate  in  Zeising's  work  in  which  he  argues 
at  great  length  that  beautiful  proportion  can  be  formulated  in  the 
law  of  the  Golden  Section: — a:  b  ::  b:  a  -|-  b,when  a  is  the  smaller 
and  b  the  larger  of  two  parts  into  which  an  object  is  divided. 
Fechner.^Theodor  Vischer.'and  others  raised  objections  to  this 
theory,  chiefly  on  the  grounds,  (a)  that  Zeising**  chose  this 
point  of  section  quite  arbitrarily  (^.  g. ,  in  the  human  body, 
though  the  navel,  a  section  supporting  the  law  in  a  remarka- 
ble manner),  and,  (b)  that  w^here  an  object  is  divided  hori- 
zontally  the  most  generally  pleasing  section  is   a   bisection. 

^  Vorschule  der  iEsth. 

■■^  Das  Schone  u.  die  Kunst.  Pub.  by  R.  Vischer,  '98. 

^  Proportiouen  des  Menschl.  Korpers,  .^ijsth.  Forschungen. 
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But  both  authors  were  impressed  by  Zeising's  experiments, 
and  found  much  to  confirm  the  opinion  that  his  theory  con- 
tains an  important  truth.  Zeising's  book  contains  a  history  of 
the  idea  of  proportion.  He  made  extended  applications  of  his 
principles  to  moral  and  religious  questions. 

In  the  mathematical  usage  the  word  proportion  is  clear  and 
unequivocal.  In  every  measurable  object  each  part  bears  a 
quantitative  relation  to  the  whole,  but  this  ratio  is  not.  as 
such,  a  relation  of  proportion.  The  essence  of  the  idea  con- 
sists in  the  equality  of  two  ratios,  a:  b::  b:  bYa.  Aristotle 
understood  proportion  clearly  in  this  denotation,  and  declared 
that  it  was  an  idea  not  confined  to  numbers  as  such,  but 
applicable  to  all  to  which  mc77ibers  can  be  applied. 

It  is  sometimes  said  that  the  word  proportions  is  used  where 
portio7is  would  be  more  exact,  but  this  criticism  itself  is  per- 
haps founded  on  a  misapprehension.  It  is  true  that  a  case  of 
proportion  absolutely  requires  a  relation  of  four  terms.  If  one 
now  should  saj^  that  a  certain  mixture  requires  a  certain  proportion 
of  a  certain  ingredient,  one  might  at  first  suppose  that  amount 
would  be  the  more  exact  term.  But  it  often  happens  that  in  a 
case  of  proportion  the  secortd  ratio  is  understood.  Indeed  a  judg- 
ment of  proportion  may  be  reduced  in  expression  to  a  single 
term.  To  use  a  homely  illustration,  ' '  That 's  too  much  sugar," 
may  mean,  the  amount  of  sugar  does  not  bear  the  relation  to 
the  amount  of  tea  in  the  given  case,  that  the  amount  of  sugar 
bears  to  the  amount  of  tea  in  the  most  agreeable  case.  Pro- 
portion may  be  predicated  of  any  measurable  objects  whose 
parts  can  be  compared  with  corresponding  parts  of  standard 
objects,  whether  the  ground  of  selection  of  the  standard  be 
beauty,  agreeableness,  utility,  mere  fact  (standard  of  height  in 
men.  e.  g-.),  or  any  other. 

The  peculiar  quality  oi  aesthetic  proportion  is  that  the  ground 
of  comparison  of  ratios  is  beauty,  or  some  other  modification  of 
the  cEsthetic judgment,^  such  as  humor,  sublimit}^,  the  tj-pical. 

Symmetry  is  a  case  of  proportion,  but  involves  another  idea 
in  addition,  ^amel3^  that  of  mirror-like  reflection  about  an 
axis.  In  the  history  of  the  evolution  of  the  art-consciousness 
there  is  observable  a  mj'sterious  change  and  advance  in  the 
notion  of  symmetry  which  may  be  summarized  thus:  (i)  a  love 
of  simple  lateral  symmetry,  as  in  vases  and  Greek  temples — a 
kind  of  symmetry  often  occurring  in  nature;  (2)  the  growth  of 
a  symmetry  of  intc7-est,  e.  g.,  in  a  picture,  a  temple  balanced 
not  by  another  temple,  but  by  some  equally  interesting  object, 
such  as  a  grove  with   human  figures;  (3)  a  tendency  of  S5'm- 

^  See  Groos's  Einleitung  in  die  .i5isthetik,  S.  205,  for  difference 
between  beautiful  and  cesthetic. 
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metr)'  in  the  old  sense  to  disappear  altogether  in  a  mysterious 
harmony  of  the  perceiver  and  the  object  perceived  (mirror-like 
symmetry  of  natural  object  (non-ego)  and  object  in  the 
aesthetic  "Schein"'),  so  that  pictures,  and  especially  land- 
scapes, of  a  high  degree  of  spiritual  interest,  often  neglect  alto- 
gether the  symmetry  of  composition.  This  last  way  of  regarding 
objects  tends  to  make  the  selection  of  the  standpoint  ("  station- 
point  ")  for  sketching  less  important,  and  treats  all  nat2ire  as 
equally  ' '  beseelt. ' ' 

But  the  difficulty  about  proportion  begins  when  the  notion  is 
applied  not  to  simple  objects  of  sense,  such  as  flower-arrano-e- 
ments,  cells  of  bees,  shapes  and  orbits  of  planets,  composition 
of  pictures,  structure  of  temples,  etc. ,  but  to  objects  of  thought, 
such  as  a  "beautiful  geometrical  proof,"  or  of  moral  ideas, 
such  as  benevolence  and  self-seeking,  or  of  human  passions, 
such  as  jealousy,  ambition,  love  of  honor,  etc.  The  question 
raised  by  a  stud}'  of  Shaftesbury  is,  above  all  others,  this:  do 
terms  such  as  proportion  and  symmetry  (which  apply  in  the 
strictest  mathematical  sense  to  statues  and  pictures),  apply 
properly  (or  only  figuratively)  to  the  subject-matter  of  ethical 
theory  ?  Has  the  conception  ofgivi?ig  harmonious  form  to  the 
moral  world  any  definite  meaning?  Shaftesbury  holds  that 
ethics  is  a  branch  of  aesthetics,  and  that  the  notion  of  quantity 
is  strictly  and  most  practically  applicable  to  character  and  to 
moral  or  social  relations.  His  view  is  directly  opposed  to  that 
of  those  who  teach  that  "dasSchone  ist  sinnenlallig,"  "die 
Poesie  ist  sinnlich;"  the  maxim,  "  Es  muss  absolut  etwas  da 
sein  fiir  unser  Auge  oder  Ohr,"  before  the  aesthetic  judgment 
is  called  into  play,  does  not  appeal  to  his  conception  of  beauty; 
but  when  one  reads  the  dictum  of  Volkelt^  ' '  ich  werde  das 
Menschlich-Bedeutungsvoll  als  den  alleinigen  Gegenstand  der 
Kunst  hinstellen,"  or  Herbart's  bold  assertion  that  moral  ideas 
are  legitimate  art-material,  then  one  feels  that  Shaftesbury 
would  have  agreed  heartily,  and  that  these  two  principles  are 
fundamental  assumptions  of  his  system.  The  question  here  is 
as  to  what  the  so-called  "  concrete  medium  "^  of  artistic  ex- 
pression really  comprises. 

The  word  concrete^  which  occurs  in  so  many  definitions  of 
art-forms  is  generally  taken  to  be  a  perfectly  clear  and  definite 
term,  but  it  is  in  reality  both  obscure  and  vague.  The  word 
may  or  may  not  denote  an  object  of  sensation,  and  such  words 
as  act,  extent,  grateful,  reverent,  are  quite  as  concrete  as  brick 
ox  paint.  No  one  reading  the  literature  of  aesthetics  can  fail 
to  observe  that  words  like  seiisuous  and  sinnenfixllig  are  regarded 

^  ^sthetische  Zeitfragen. 

'^Encyc.  Brit.  Art.  Poetry.  ^Jevon's  Lessons  in  Logic,  p.  20. 
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as  sj'nonj'ms  for  co7icrete.  The  most  general  meaning,  in  fact, 
is  "  physically  existing."  At  first  glance,  too,  this  seems  satis- 
factory, but  we  shall  see  the  results.  Marble,  bronze,  stone, 
brick,  wood,  iron,  paint,  violin-strings  in  vibration,  are  the 
"concrete  media"  of  music,  painting,  architecture,  sculpture; 
they  all  have  physical  existence  and  offer  something  to  eye  or 
ear.  Then,  too,  take  poetry  and  the  drama  which  Kant  and 
Hegel  writing  in  the  age  of  German  poetic  genius  rank  among 
the  arts:  poetry  has  for  its  medium  layiguage,  which  reaches 
us  through  the  ear,  and  is  also  "  concrete  "  or  "  physically  ex- 
isting." That  this  view  is  wide-spread  needs  no  proof,  for  it  is 
well  known  that  many  definitions  of  poetr}"  declare  that  words 
are  to  the  poet  what  paint  is  to  the  painter,  etc.  But  this 
may  have  another  meaning  which  we  shall  discuss  pres- 
ently. Is  language,  then,  in  this  sense  a  concrete  medium  for 
the  sensuous  imagination?  Does  it  bear  the  relation  to  that 
which  the  poet  would  convey  to  his  reader  which  marble  bears 
to  that  which  the  sculptor  would  convey  to  the  student  of 
statues  ?  The  organs  of  speech  are  as  real  as  violin-strings, 
and  the  sounds  as  real  as  musical  sounds;  but  even  if  we  as- 
sume that  spoken  language  is  essential  to  poetry  can  it  be 
argued  that  spoken  language  as  such,  as  sound,  is  an  imitation 
of  what  is  in  the  artist's  imagination  in  the  same  sense  as  a 
statue,  a  sonata,  or  a  picture  is?  It  is  notorious  that  when  we 
say  a  word  or  phrase  sounds  badly  we  are  hardly  ever  thinking 
of  its  sound  2iS  such,  and  that  if  such  expressions  were  in  a 
tongue  utterly  unknown  their  "  sound  "  would  not  offend. 

Language,  even  as  communicated  from  the  printed  or  written 
word  to  the  eye,  must  certainly  be  said  to  have  physical  exist- 
ence, but  every  medium  of  communication  of  ideas  whatever, 
every  such  medium  conceivable,  must  have  physical  existence, 
hence  to  pick  upon  physical  existence  as  the  defining  mark 
of  artistic  expression,  as  distinguished  from  philosophical  or 
scientific  expression,  is  a  mark  of  confused  thinking.  Words 
as  sounds  are  not  only  not  (except  in  rare  instances)  known 
as  imitative  symbols  of  what  they  communicate,  but  the}'  are 
widely  different  in  different  lands,  which  sharply  distinguishes 
them  from  such  media  as  painting  and  sculpture  employ,  and 
which  are  intelligible  to  all  mankind. 

The  other  meaning  of  "  concrete,"  as  applied  to  poetical  lan- 
guage is, — suggestive  of  a  concrete  image.  The  physical  ex- 
istence of  the  words  as  objects  of  sight  and  hearing  certainly 
does  not  make  poetry  art.  urge  the  holders  of  this  view,  but 
the  phy.sical  existence,  or  the  imaginary  physical  existence  of  the 
hnages  roused  b}-  the  words  is  essential  to  poetry.  Abstract 
poetry  is  no  poetry,  they  argue,  and  by  abstract  poetry  we 
mean  that  verse  vvhose  words  do  not  arouse  images  of  physically 
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existing  objects.  This  position  is  not  easily  refuted,  is  indeed 
largely  true,  and  requires  careful  consideration  inasmuch  as  it 
seems  opposed  to  the  idea  that  moral  ideas  are  legitimate  art- 
material,  and  to  the  idea  that  art  may  deal  with  all  that  is  of 
hiinian  interest.  There  is  a  third  class  of  critics,  chieflj'  close 
students  of  painting,  and  sculpture,  and  architecture,^  who 
boldly  deny  that  poetrj^  is  an  art  in  anj'  but  a  figurative  sense; 
and  this  opinion  is  encouraged  by  the  fact  that  ' '  art ' '  in  the 
universities  is  apparently'  confined  to  the  three  arts  above  men- 
tioned. 

If  we  regard  poetry  historically  we  do  not  find  that  poets  avoid 
moral  ideas,  or  ideas  which  do  not  take  the  form  of  sensuous 
images  in  the  mind.  It  is  true  that  sensuous  imagery  is 
abundant  in  great  poetrj',  but  the  greatest  poets,  such  as 
Homer,  Dante,  and  Goethe,  have  taken  the  deepest  interest  in 
moral  ideas,  and  the  English  poets  have  been  pre-eminent  for 
their  serious  consideration  of  moral  and  ethical  relations  and 
ideas  as  the  names  of  Chaucer,  Spencer,'^  Shakespeare,  Milton, 
Dryden.  Pope,  Gray,  Cowper,  Burns,  Wordsworth,  Shelley, 
B5^ron,  Browning  and  Tennyson,  may  serve  to  suggest.  In 
many  of  the  finest  modern  poems,  by  Arnold,  Whittier,  Bry- 
ant, Lowell  and  others,  the  treatment  of  the  moral  interest  is 
the  chief  means  of  pleasing;  the}' are  certainly  not  primarily 
didactic,  but  they  please  in  teaching.  Are  we  to  say 
that  these  are  not  poetry,  and  that  their  authors  are  not 
artists,  or  are  we  to  define  poetry  inductively  and  assume  an 
evolution  of  the  art-consciousness  ?  Is  it  necessar}'  for  one 
to  reject  the  work  of  all  the  great  poets  in  order  to  cling  to  the 
maxim  of  art  for  art's  sake,  or  maj^  one  here,  as  elsewhere,  al- 
low the  conception  of  growth  and  development  to  rectifj'  the 
definition  based  upon  a  mere  ' '  apriori ' '  or  ideal  conception  of 
art  ?  If  one  take  a  broad  view  of  the  term  moral  one  may 
argue  that  no  art  product  whatever  has  succeeded  in  rejecting 
all  moral  assumptions,  or  more  or  less  clearly  conceived  ethical 
principles.  If  we  enquire  how  it  stands  with  the  ' '  real  arts  ' ' 
in  this  respect,  do  we  find  that  the  dream-object  is  confined  to  the 
sensuously  interesting-  ?  The  facts  are  preciseh'  the  opposite. 
Indeed  it  is  diflScult  to  think  of  an  old  master,  from  Giotto  to 
Rembrandt,  who  has  not  frequenth'  allowed  the  didactic  or  the 
allegorical  tendency  to  carry  him  too  far  to  be  quite  pleasing. 
But  within  the  list  of  works  that  are  prized  as  pure  art  how 
little  the  evidence  goes  to  show  that  the  dream-object  is  not  at 
all  concerned  with  moral  ideas.     Take  the  etchings  of  Rem- 

1  Many  admirers  of  the  pessimists  consider  Music,  "die  kiinstle- 
rischste  Kunst,"  as  Prof.  Dessoir  calls  it. 

'  Cf.  the  remarkable  Introduction  to  the  Faery  Queen,  a  work  of  the 
richest  sensuousness. 
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brandt,  take  the  Htindred  Guilder  Pri7it,  the  Rehirn  of  the 
Prodigal,  and  many  more.  In  statuary  take  the  Greek  mytho- 
logical forms,  how  overflowing  they  are  with  the  purest  moral 
significance.     Music  often  has  similar  influence. 

It  is  true  on  the  other  hand  that  there  are  poems  by  Keats 
and  Blake  (only  a  few,  however),  and  paintings  by  Corot  and 
Whistler,  and  a  good  deal  of  music,  which  have  very  little 
concern  for  those  ideas  of  man's  relation  to  life  and  nature 
which  we  call  moral.  These  are  not  the  chords,  but  the  over- 
tones of  the  social  harmony,  they  are  the  art  not  of  man  as  he 
is,  a  striving  and  developing  being,  but  of  what  he  aims  at 
being  in  some  ideal  republic, — a  pure  and  spiritual //^jj/-^^^. ^ 

From  the  historical  argument  it  follows  that  moral  ideas  are 
elements  of  the  dream-object.  But  now  it  may  be  objected  that 
while  moral  ideas  enter  into  works  of  art  the}'  are  not  artistic 
elements  of  those  works.  In  the  Hundred  Guilder  Print  the 
lights  and  shadows  are  dreamy  and  charming,  the  composition 
is  mysterious  and  suggestive,  we  easily  meet  the  picture  half- 
waj',  flow  into  it,  and  appropriate  it,  and  delight  in  it  with 
tender  spiritual  sympathy.  It  is  true  that  the  picture  repre- 
sents Christ  healing  the  sick,  and  that  his  attitude,  and  ex- 
pression, and  the  strange  atmospheric  effects  that  surround 
him,  suggest  the  most  moving  historical,  moral,  and  religious, 
and  even  philosophical  ideas,  but  these,  according  to  the  view 
under  discussion,  are  not  artistic  elements  of  the  picture  as  a 
picture.'^  Surely  this  view  is  untenable.  In  any  zvork  of  art 
the  highest  criterion  is  the  harmony  a^id  tinity  of  the  total  impres- 
sion. All  that  is  not  a  help  is  a  hindrance.  It  may  take  years 
of  study  before  a  spectator  realizes  the  unity  of  a  picture,  but 
if  study  only  tends  to  rip  it  apart  how  can  it  be  said  to  be  a 
harmonious  whole  ?^  Now  the  more  one  dwells  on  the  mean- 
ing of  this  picture  the  more  its  lights  and  shadows  gain  in 
spiritual  power,  the  more  beautiful  become  the  delicate  draw- 
ing and  the  magical  shading,  and,  therefore,  it  appears  that 
the  7noral  ideas  aj'e  harmonized  i7i  the  total  effect,  and  that  they 
are  elements  and  important  elements  in  the  art-effect.  Only 
when  the  moral  ideas  in  a  picture  are  so  obtrusive  as  to  rob  one 
of  freedom  to  enjoy  it  as  a  disinterested  bystander,^  not  com- 
mitted, as  a  bystander,  to  3.ny  set  of  opinions,  do  they  cease  to 
be  elements  of  its  art.  But  what  follows  from  this  ?  One  re- 
sult is  that  the  only  consideration  for  the  artist  is,  not  to  ex- 
clude moral  or  even  religious  ideas  from  his  dream  object,  but 

^  Compare  Ariel's  songs  in  The  Tempest. 
"^  Cf.  Stern's  "  Einfiihlung  und  Association." 

3  One  cannot  err  in  studying  art  if  one  strives  for  the  artistes  atti- 
tude. 

*The  will  and  attention  must  be  left  free. 
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to  keep  them  under  control  and  to  handle  them  with  a  free 
humor,  however  earnestly.  A  fair-minded  Buddhist  could  en- 
joy the  Htaidrcd  Guilder  Print  because  its  moral  content  does 
not  clash  with  broad  ethical  truth;  but  it  is  a  profound  error  to 
deny  that  it  contains  moral  truth  because  it  offends  no  one/ 

If  now  it  be  admitted  that  moral  ideas  may  be  treated  as  ma- 
terial for  art,  provided  they  be  kept  in  pleasing  proportions,  it  be- 
comes necessary  to  enquire  what  proportion  means  in  this  con- 
nection. Here  again  it  may  be  said,  and  has,  in  fact,  been 
said  repeatedly,  that  proportion  is  a  term  applicable  to  objects 
having  physical  existence  (or  so  conceived),  but  meaningless 
when  applied  to  mere  ideas.  The  arm  of  a  statue  may  be  too 
large,  but  how  can  benevolence  be  measured  ?  Now  it  may  be 
made  clear  at  once  that  objects  of  thought  which  have  no 
physical  existence  may  yet  be  measured  mathematically  with 
the  utmost  exactness.  Take  for  example  the  idea  of  time.  The 
assertion  that  a  second  bears  the  relation  to  a  minute  that  a 
minute  bears  to  an  hour  is  a  perfect  example  (in  the  sense  in- 
tended by  Aristotle)  of  proportion,  for  time  is  something  to 
which  number  can  be  applied,  yet  time  is  less  tangible  than 
those  passions  and  affections  which  constitute  the  non-sensuous 
or  moral  element  in  art.  If  so  "  abstract  "  a  conception  as  time 
can  be  measured  and  divided  how  can  it  be  argued  that  mere 
abstractness  contradicts  or  excludes  the  proportion  idea  ?  When 
Shaftesbury  holds  that  in  literature,  in  enthusiasms,  in  ethical 
motivation  and  in  the  contemplation  of  nature,  the  chief  thing 
is  to  preserve  a  just  proportion  between  the  .self  and  the  non-self 
in  our  affections,  it  may  be  said  that  his  idea  is  fanciful,  that 
there  can  be  no  scientific  test  of  symmetry  in  mere  affections; 
in  a  word,  that  aesthetic  norms  do  not  apply  to  the  non-sensu- 
ous realm  of  experience.  But  wherever  the  notion  of  number 
or  quantity  may  be  applied  there  the  notion  of  proportion  is 
strictly  applicable.  A  mere  thought  or  feeling  can  be  measured 
by  its  effect;  it  has  (i)  duration  in  time,  (2)  intensity  of  pitch 
or  degree,  it  involves  (3)  the  conception  of  parts  in  unity  in 
many  cases,  and  all  these  elements  can  be  determined  more  or 
less  accurately,  either  psychologically  or  physiologically.  But 
indirectly,  too,  moral  ideas  can  be  measured  in  the  objective 
realm  by  the  study  of  historical  and  social  institutions,  and  by 
their  reflection  in  art. 

Hence,  accordingly,  so  far  as  the  pleasure  experienced  in 
symmetry  and  proportion  is  the  pleasure  of  a  disinterested  by- 
stander entertained  by  watching  the  play  of  social  forces,  just 
so  far  can  ethics  be  regarded  as  a  branch  of  aesthetics,  in  the 
sense  of  Shaftesbury  and  Herbart,  and  moral  ideas  as  elements 

^The  error  lies  in  the  narrow  meaning  usually  assigned  to  "  moral." 
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in  an  artistic  Weltanschauung.  Indeed  it  is  difl&cult  to  con- 
ceive of  either  unit)-  or  harmony  in  the  story  of  creation  except 
from  some  such  point  of  view. 

It  is,  then,  a  fundamental  error  to  assume  that  art  demands 
"  concreteness, "  and  then  by  a  loose  juggling  with  words  to 
substitute  "  sensuous  "  and  "  offering  something  to  the  eye  and 
ear ' '  for  ' '  concrete. ' '  What  art  demands  is  not  the  ' '  ph5^si- 
cally  existing,"  except  so  far  as  all  experience  whatever  has  its 
origin  in  the  sense  stimulations,  nor  even  the  "concrete;" 
what  it  demands  is  the  individual.  Its  dream-object  must  be 
single  and  individtial ,  not  generic.  It  may  deal,  and  to  be 
great  it  must  deal,  with  the  general  case,  but  not  through  class 
ideas  as  such.  Its  individual  may  be  the  type  of  a  great  class ^  but 
it  must  be  really  individual  to  be  artistic.  Art  demands  a  pro- 
found individualizing  analysis,  just  like  science,  but  it  requires 
also  an  individualized  synthesis,  and  the  most  extensive  type, 
which  is  at  the  same  time  the  most  intensive  and  ttue  to  indi- 
vidual reality,  is  the  greatest  triumph  of  art.  "  Long  ago,  in 
speaking  of  Homer,  I  said  that  the  noble  and  profound  appli- 
cation of  ideas  to  life  is  the  most  essential  part  of  poetic  great- 
ness. I  said  that  a  great  poet  receives  his  distinctive  charac- 
ter of  superiority  from  his  application,  under  the  conditions 
immutably  fixed  by  the  laws  of  poetic  beauty^  and  poetic  truth, 
from  his  application,  I  say,  to  his  subject,  whatever  it  maj'  be, 
of  the  ideas  'On  man.  on  nature,  and  on  human  life,'  which 
he  has  acquired  for  himself.  The  line  is  Wordsworth's  own; 
and  his  superiority  arises  from  the  powerful  use,  in  his  best 
pieces,  his  powerful  application  to  his  subject,  of  ideas  on  man, 
on  nature,  and  on  human  life."  This  passage  is  from  Arnold,^ 
and  faithfulh'  represents  the  teaching  of  his  riper  years  on  this 
most  serious  of  literary  questions.  The  application  of  moral 
ideas  to  life,  he  teaches,  under  the  laws  of  poetic  beauty  and 
truth,  is  the  essential  distinction  of  great  poetry.  Great  poets 
are  not  content  to  give  form  to  matter,  but  thej'  will  shape  a 
beautiful  character  and  state,  so  that  the  race  maj'  at  last  rise 
to  a  level  upon  which  the  moral  relations  themselves  may  seem 
a  means  to  an  end. 

But  it  must  not  be  overlooked  that  Arnold  defines  "  moral 
idea"  in  a  most  broad  and  tolerant  spirit:  "  Whatever  bears 
upon  the  question  '  How  to  live,'  comes  under  it. 

'  Nor  love  thy  life,  nor  hate  ;  but,  what  thou  liv'st, 
Live  well,  how  long  or  short,  permit  to  heaven.' 

In  those  lines  Milton  utters,  as  every  one  at  once  perceives,  a 

^Critics  of  poetry  often  still  confine  '•  form  "  to  metre,  and  show  no 
feeling  for  emotional,  moral,  and  intellectual  "architectonics." 
"^  Essavs  in  Criticisms. 
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moral  idea.  Yes;  but  so,  too,  when  Keats  consoles  the  forward- 
bending  lover  on  the  Grecian  urn,  the  lover  arrested  and  pre- 
sented in  innnortal  relief  by  the  sculptor's  hand  before  he  can 
kiss,  with  the  line, 

'  For  thou  wilt  ever  love,  and  she  be  fair  ' — 

He  utters  a  moral  idea.     When  Shakespeare  says, 

'  We  are  such  stuff 
As  dreams  are  made  on,  and  our  little  life 
Is  rounded  with  a  sleep,' 

he  Utters  a  moral  idea. ' ' 

This  relation  of  art  to  morality,  so  much  disputed  by  Ar- 
nold's critics,  critics  who  share  the  culture  of  Arnold  and  the 
deep  and  widespread  English  knowledge  of  and  feeling  for 
great  poetry,  goes  to  the  core  of  the  problem  of  an  aesthetic 
ethics.  If  morality  deals  with  the  whole  problem  of  '  how  to 
live,'  and  poetry  gives  proportion  and  form  to  moral  relations, 
then  Shaftesbury's  view  is  sound;  but  if  "  real  art"  has  no 
concern  with  moral  relations,  and  other  "  abstract  "  questions, 
then  the  view  still  prevalent^  (that  aesthetics  has  chiefly  to  do 
with  painting,  sculpture,  and  architecture,  and  that  it  is  friv- 
olous to  treat  the  "profound  dissatisfaction,  wholly  different 
from  aesthetic  dislike,  which  accompanies  the  con.sciou.sness  of 
guilt,"  as  a  problem  of  moral  aesthetics),  must  continue  to  pre- 
dominate. 

Shaftesbury  declares,  and  with  good  reason,  that  literature  is 
the  vestibule  of  his  philosophy.  In  literature  he  discerned  an 
art  which  concerns  itself  not  merely  with  the  beautiful  group- 
ing of  objects  of  sense,  but  with  the  task  of  giving  form,  har- 
mony, and  unity  to  the  scattered  elements  of  human  character, 
life,  conduct  and  social  relations,  the  imaginative  construction 
of  a  beautiful  and  ideal  commonwealth  in  which  the  poct  should 
submit  to  the  applause  of  humanity  a  conception  of  the  life 
that  would  give  established  beauty  of  individual  and  racial  con- 
duct and  intercourse,  and  reconcile  the  problems  of  freedom, 
communism,  power,  purity,  and  dignity,  with  the  facts  of  the 
human  body  and  of  nature.  This  question  has  been  confused 
by  a  vast  amount  of  obscure  writing,  and  especially  by  a  vague 
and  misleading  use  of  the  words  concrete,  sensuous,  form,  ab- 
stract, jnoral,  by  a  lack  of  grasp  of  the  significance  of  the  terms 
fjypical  and  individual,^  and  by  the  uncertainty  as  to  the  value 

^This  view  is  no  doubt  still  generally  held  both  in  Germany  and  in 
the  English  speaking  world. 

^The  typical  is  the  sublation  of  individual  and  general,  of  analysis 
and  synthesis,  and  it  is  for  this  reason  that  the  character  of  Buddha  or 
of  Hamlet  is  of  ethical  and  philosophical  import. 
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of  associated  ideas  in  the  contemplation  of  sensuous  art  ob- 
jects. 

The  general  tendency  of  Shaftesbury's  writings  is  to  extend 
the  territory  of  the  aesthetic  Anschauiing  in  the  direction  of 
making  all  nature  the  true  art-object,  of  abolishing  the  notion 
of  artificiality,  and  of  including  the  phenomena  of  character 
and  sociology  in  the  conception  of  nature. 

§  2.    Proportion  and  Ethical  Motivation. 

Shaftesbury  never  uses  the  word  proportion  without  imply- 
ing an  equality  behveen  real  and  ideal  ratios.  When  he  de- 
clares affections  to  be  well-proportioned,  he  means  that  certain 
affections  bear  the  quantitative  relation  to  certain  others,  for 
example,  egoistic  to  altruistic,  in  real  life,  which  they  bear  to 
each  other  in  his  ethical  ideal.  This  usage  naturally  leads  to 
the  question,  how  does  he  establish  this  ethical  ideal?  The 
answer  to  this  question  can  be  gathered  satisfactorily  from  his 
various  works.  He  regards  balance  and  symmetry  as  elements 
of  good  proportion  which  appeal  instindively  to  human  appro- 
bation.^ He  regards  this  feeling  for  form  as  primary,  and  not 
derived  from  the  experience  or  reflection  of  the  individual.  Not 
only  are  the  emotions  and  propensities  upon  which  morality  is 
based,  derived  from  the  natural  organization,  but  also  the 
sense  of  form  by  which  the  affections  are  judged  (both  ethi- 
cally and  aesthetically  at  the  same  time)  is  given  in  the  nat- 
ural organization  of  man  as  we  know  him.  But  he  did  not 
stop  with  this  idea.  He  regards  this  instinct  for  form  as  being 
not  an  artist,  but  an  art  critic;  it  does  not  say  to  the  indi- 
vidual. Do  this,  or  that,  or.  Do  not  do  this,  or  that.  The  nat- 
ural impulse  forces  the  individual  to  do  something;  the  natural 
feeling  for  proportion  reports  upon  the  goodness  of  the  result 
by  a  simple  jF(?.y  or  no;  it  does  no  work,  it  assigns  no  reason,  it 
does  not  even  say  good  or  bad  in  any  moral  sense,  but  rather 
pleasnig"^  or  not  ph  asing ,  and  these  terms  can  only  be  inter- 
preted to  mean  well  or  ill-proportioned. 

It  follows  from  this  that  this  aesthetic-ethical  judgment  is 
brought  to  consciousness  only  in  relation  to  an  action  founded 
in  natural  impulse,  stimulated  through  sensation,  and  more  or 
less  modified  by  habit  or  reflectiot;,  and  consequently  it  may 
be  said  to  involve  an  application  of  the  form-feeling  to  a  mani- 
festation of  the  stream  of  power  flowing  through  the  nervous 
system.  To  what  extent  a  serious  disturbance  of  this  stream 
might  produce    ' '  that  profound  dissatisfaction  which  accom- 

^  In  modern  phrase  "  a  beautiful  ideal  network."  James,  II,  665. 
^  There  is  a  restful  physiological  reaction  as   if  some  impeded  cur- 
rent had  found  its  smooth  course. 
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panics  the  sense  of  guilt,"  2vhen  the  organs  of  the  body  be- 
come the  records  of  unharmo7iio7is  habits  or  7vhen  the  soul  becomes 
disordered  by  passion  must  be  a  matter  parti)'  of  the  sensitiveness 
of  the  nerv^ous  system.  When  the  conception  of  proportion  is 
combined  with  that  of  activity  there  arises  not  exactly  a  con- 
ception of  form,  but  rather  a  conception  oi  harmony.  It  is  this 
idea  which  leads  Shaftesbury  to  compare  the  soul  to  a  musical 
instrument.  The  critic  does  not  say  whether  the  strings  have 
the  right  form  and  tension  until  they  are  played  upon.  It  is 
clear  from  this,  too,  that  pleasure  in  the  ordinary  sen.se  is  not 
Shaftesbury's  criterion,  but  the  being  well-tuned.  The  reality 
and  agony  of  a  di.scord  of  the  soul  must  be  thought  to  be  quite 
great  enough  to  account  for  the  profound  dissatisfaction  accom- 
panying guilt,  provided  that  the  aesthetic  judgment  apply  to 
the  moral  world.  But  in  reality  Shaftesbury's  most  formidable 
critics  hold  to  the  vulgar,  shallow  view  of  the  term  aesthetic. 

Accordingly,  to  Shaftesbury  virtue  is  no  other  than  the  love 
of  order  and  beauty  in  society;  and  this  love  of  order  and  beauty 
in  the  world  leads,  he  supposes,  to  belief  in  an  orderly  and 
artistic  rule  or  creative  principle.^  His  proof  of  this  position 
is  briefly  as  follows:  The  world  cannot  be  thought  of  by  us  as 
a  number  of  segregate  unities,  but  only  as  a  complex  of  related 
beings,  in  which  man  bears  a  relation  more  or  le.ss  intimate  to 
every  other  being.  Virtue  consists  in  sustaining  these  rela- 
tions becomingly,  and  above  all,  the  relations  to  the  beings 
most  intimately  concerning  us.  The  natural  desires  and  needs  in- 
sure intercourse  among  men;  the  love  of  social  order  is  a  love 
of  harmonious  natural  intercourse,  or  flow  of  human  activities. 

Shaftesbury  shows  great  interest  in  the  problem  of  the  de- 
scent of  man  as  discussed  by  Hobbes,  but  this  gives  him  no 
suggestion  of  inherited  modifications  of  the  mental  structure; 
he  assumes  that  the  principal  affections  are  inherent  in  the 
native  structure  of  the  mind.  He  makes  a  clear  distinction  be- 
tween the  intuitively  necessary  truths  of  the  moral  and  aes- 
thetic relations,  and  the  knowledge  of  the  outside  world,  but 
he  expressly  abandons  the  word  "innate"  (as  applicable  to 
the  "  Formgefiihl,"  as  a  net  of  apriori  relations),  in  favor  of 
the  word  "connatural,"  on  the  ground  that  the  precise  time 
at  which  this  instinctive  knowledge  is  given  can  have  no  prac- 
tical interest.  He  never  clearly  recognizes  that  his  view  of  the 
forvi  instinct  requires  him  to  assume  a  metaphysical  theory  as 
the  basis  of  his  system;  he  speaks  vaguely  of  this  instinct  as  in- 
dicating divinity,  and  yet  speaks  contemptuously  of  metaphys- 
ics, b}'  which  we  may  be  sure  he  merely  meant  the  uuiversitj- 
scholasticism. 


1  That  Shaftesbury's  ideas   were  of   this  stoic-pautheistic  order  is 
fully  proved  iu  Dr.  Rand's  recently  published  work. 
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Aside  from  this  his  attitude  is  that  of  a  man  of  the  world^ 
who  had  attempted  to  form  some  kind  of  ethical  Lebensan- 
chauung  for  the  endless  confusion  of  ethical  phenomena  which 
he  had  encountered  in  reading,  and  in  experience  of  life,  by 
an  application  of  the  generalizations  of  the  Greeks  ethics. 
Two  ideas  became  selected  as  the  most  helpful  in  reducing  this 
confusion  to  order,  (i)  Aristotle's  conception  of  the  mean,  and 
(2)  the  conception,  original  to  Shaftesbury,  of  the  balance  of 
the  selfish  and  social  aflfections  as  the  most  comprehensive  ap- 
plication of  the  law  of  the  mean  to  motives  of  conduct.  These 
two  conceptions  blended  into  one  general  view  of  virtue.  It  is 
true  that  he  enumerates  a  third  kind  of  affections,  the  unnatural, 
which  are  neither  selfish  nor  unselfish,  but  merely  degrading, 
but  he  makes  little  mention  of  these  except  in  the  classifica- 
tion, and  a  thorough  analysis  might  show  a  certain  confusion 
as  to  their  exact  relation  to  primitive  altruism  and  egoism.  He 
has,  in  general,  a  preference  for  the  division  of  any  topic  into 
two  branches  corresponding  to  his  taste  for  symmetry.  He  does 
not  distinguish  the  affections  which  sacrifice  the  selfish  inter- 
ests of  the  present  in  favor  of  the  interests  of  society,  from 
those  affections  which  find  their  own  interest  in  the  common 
interest,  though  the  former  alone  are  strict  opposites  of  real 
selfishness.  In  fact  the  social  affections  in  Shaftesbury  gener- 
ally mean  the  alteregoistic  affections.  Closely  connected  with 
this  is  Shaftesbury's  strong  inclination  to  consider  ethics  as  a 
problem  of  our  present  life,  and  to  treat  the  conception  of 
future  rewards  and  punishments  as  of  merely  pedagogical  im- 
portance. He  is  intensely  interested  in  virtue  as  a  terrene 
phenomenon,  and  not  in  virtue  as  an  abstract  quality  predicable 
of  all  reasonable  beings. 

His  view,  though  so  simply  conceived,  enabled  him  to  ar- 
range the  facts  of  life  as  he  saw  it,  with  much  success.  To 
every  individual  there  are  two  great  facts,  self,  and  others.  The 
ideal  attitude  of  character  is  the  sytnmetrical  identification  of 
the  self  with  the  others.  To  incline  to  either  side  is  to  cause 
either  congestion  or  weakness  in  the  body  politic.  Even  ani- 
mals have  social  affections.  Female  mammals  hardly  distinguish 
their  3-oung  from  their  own  bodies.  The  young  of  the  human 
race  remain  helpless  for  many  years,  hence  the  education  of 
identification  through  sympathy  makes  great  advances  in  the 
human  race.  This  grows  into  patriotic  feeling  or  identification 
with  and  will  to  die  for  the  tribe,  and  even  for  the  human  race, 
and  leads  to  the  conception  of  an  ideal  brotherhood  or  republic, 

1  Students  of  Queen  Anne's  reign  will  find  many  reasons  why  Shaftes- 
bury should  appear  less  austere  in  his  public  than  in  his  esoteric 
utterances,  if  he  was  to  influence  his  age. 
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The  love  of  nature,  as  of  trees,  clouds,  hills,  and  streams,  is 
with  Shaftesbur}'-  a  higher  step  in  the  same  process,  a  finer  and 
higher  extension  of  the  enthusiastic  sympathy  for  the  non-self, 
which  he  calls  virtue,  or  the  love  of  order  and  beauty  in  the 
world.  All  his  writings  agree  in  treating  the  sympathetic  uni- 
fication of  the  self  and  the  non-self  through  comprehension 
and  fellow-feeling  as  the  essence  of  virtue,  and  this  symmetry 
is  treated  as  belonging  to  various  steps,  the  lowest  of  which  is 
that  of  the  instinctive  love  of  animals  for  their  young,  and  the 
highest  a  poetical  identification  of  the  ego  of  the  aesthetic  con- 
sciousness with  the  beauty  of  nature.  No  one  can  read  Shafies- 
bury's  treatment  of  the  different  orders  of  "forms"  with  a 
free  mind  and  not  perceive  that  it  contains  the  germ  of  Schel- 
ling's  system  of  identity,  though  the  germ  is  only  a  germ. 

This  is  the  sense  in  which  Shaftesbury  teaches  that  a  love 
of  order  and  proportion  leads  to  a  knowledge  of  the  divine. 
The  conception  of  a  progressive  refinement  or  culture  of  the 
affections  is  the  backbone  of  his  whole  system;  without  this 
ground  of  difference  between  the  various  stadia  of  virtue  his 
system  would  be  what  it  has  often  been  called,  a  pagan  aestheti- 
cism.  His  pure  Anschatiuiig  of  Nature  hovers  on  the  border 
between  the  natural  and  the  mystical,  between  the  understand- 
ing and  the  spirit.-^  A  character  is  virtuous,  or  has  ethical  form, 
when  the  knowledge  and  feeling  of  its  own  claims  and  of  tho.><e 
of  others  stand  in  perfect  balance;  but  both  knowledge  and 
feeling  become  ramified  and  extended  from  the  narrow  confines 
of  a  hut  of  primitive  savages  to  the  cosmic  outlook  of  a  modern 
thinker.  The  peculiar  merit  of  Shaftesbury  is  his  insistence 
upon  balance  on  the  various  intermediate  stadia.  His  strong 
grasp  of  this  idea  makes  him  regard  goodness  and  beauty  as 
identical,  and  this  conception  is  greatly  strengthened  by  the 
Platonic  idea  that  perfect,  or  absolute  goodness  and  beauty  are 
identical.  But  while  Shaftesbury  has  this  clear  view  of  the 
various  stadia  of  goodness,  and  of  the  absolute  ideal  of  good- 
ness, he  almost  ignores  the  conception  of  process  by  which  new 
stadia  are  to  be  reached.  In  spite  of  the  great  variety  of  his 
ideas,  this  principle  of  symmetry,  and  this  lack  of  sympathy 
with  what  one  may  call  broken  or  asymmetrical  forms,  go  hand 
in  hand  throughout  his  works  as  the  characteristic  of  his  way 
of  thinking.  He  vindicates  no  special  or  o?ie-sided  activities, 
whether  in  art,  philosoph}-,  conduct,  literature,  or  religion. 

It  is  characteristic  of  his  view  of  life  that  he  regards  solitude 
as  egoistic,  and  sociability  as  essentially  altruistic.  This  view 
leads  him  to  argue  that  the  study  of  mathematics  is  an  altrui.stic 
pursuit.     He  overlooks  the  fact  that   the   most   sinister  figures 

^Cf.   Kirchmann's -^sthetik.     1,54. 
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in  history  have  miugled  much  with  their  fellow-men,  and  that 
the  most  benevolent  have  sometimes  lived  as  recluses.  It  is 
evident  that  mathematical  acumen  per  se  offers  no  clue  to  the 
attitude  of  the  mathematician  toward  society. 

Shaftesbury  always  kept  before  him  the  conception  of  an  ideal 
commonwealth,  and  in  that  sense  he  may  be  said  to  teach  that 
there  are  not  three  but  four  classes  of  affections  influencing 
human  actions.  Both  this  tendency  to  look  forward,  for  one 
element  of  motivation,  and  his  bold  denial  of  the  reality  of 
evil  might  be  treated  in  this  paragraph,  but  belong  more 
properly  to  the  next. 

§  3.     Proportion  and  the  Good.  ^ 

Shaftesbury  says  little  in  his  public  utterances  of  duty  as 
such.  This  conception  is  presented  by  him  as  a  striving  for 
harmony  of  conduct  and  of  culture.^  He  seems  interested 
mainly  in  the  definition  of  virtue  and  of  the  good.  The  good 
in  its  various  stadia  is  the  harmonj'  resulting  from  well  balanced 
affections,  or  relations  of  the  ego  and  the  non-ego.  Every 
form  of  relative  good,  he  says,  yields  to  a  better,  and  all  that 
contains  mortal  or  corruptible  elements  must  finally  jneld  to 
the  immortal  and  incorruptible.  At  ever\'  step  the  corruptible 
elements  diminish,  while  the  incorruptible  increase.  The  road 
to  the  highest  good  is  the  middle  path  of  virtue  as  defined 
above.  The  highest  good  is  the  harmony  of  the  highest  stadium 
of  refinement  and  culture. 

Shaftesbury  is  one  of  those  thinkers  before  Kant  who  felt 
deeply  that  the  world  is  in  some  way  a  harmony  of  disagreeing 
principles;  he  felt  vaguely  that  one  can  stand  between  these 
contending  forces,  and  see  and  feel  their  opposition,  or  rise 
above  them  and  see  where  they  meet  in  unit_v,  like  the  meridians 
at  the  pole;  which  melt  into  unity  just  where  they  seem  most 
to  clash.  When  is  evil  not  evil?  When  it  is  in  a  drama,  for 
then  it  is  only  a  play  of  the  fanc}',  or  when  it  occurs  in  a  dream, 
for  then  it  is  all  in  the  imagination;  when  we  objectify  our  total 
experience,  loosen  the  aesthetic  spectator  within  us,  and  with- 
draw into  a  deeper  recess  of  consciousness,  for  then  we  see  life, 
the  life  of  ourselves  as  well  as  of  others  as  a  play,  or  as  a  pass- 
ing show,  or  as  a  dream  of  the  fancy  in  which  not  only  our 
bodies  but  also  our  souls  act  their  parts.'  Such  is  the  drift  of 
Shaftesbury's  argument.  This  gift  of  sending  the  aesthetic  con- 
sciousness outside  the  whole  realm  of  experience,  including 
our  own  joys  and  sorrows,  and  of  viewing  the  soul  and  its  jo\'S 
and  sorrows  as  mortal   and  merel}'  imaginary  is  marked  in 

^The  Moralists. 

2  Letters  to  Ainsworth. 

'Schleiermacher — the  world  as  art-work,  and  God  as  artist. 
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Shaftesbury  and  explains  his  bold  paradoxes.  He  hovers  con- 
stantl}'  between  a  practical  and  a  purely  aesthetic  interest  in 
the  world  around  him.  The  street  is  now  a  real  street,  and 
now"  an  animated  picture;  the  crowd  is  now  a  number  of  citizens, 
and  now  a  realistic  theatrical  group;  and  now  again  citizens; 
not  from  doubt  of  reality,  not  from  metaphysical  idealization, 
but  purely  from  an  intense  enthusiastic  aesthetic  feeling  for 
form  and  for  floating  fact  upon  a  broad,  powerful  stream  of 
imaginative  energy.  This  is  the  aesthetic  Anschaiiun^  and 
makes  evil  seem  merely  a  harmonized  element  in  a  work  of  art, 
while  its  mood  prevails  over  the  claims  of  worldly  interest 
or  every -day  reality. 

Shaftesbury  felt  this  strongly,  and  hence  arises  his  mixture  of 
audacity  and  unsatisfactory  explanation  in  handling  the  prob- 
lem of  evil,  in  which  he  makes  naive  transitions  from  the  posi- 
tion of  admitting,  to  that  of  denying  the  reality  of  evil, with  no 
apparent  consciousness  of  their  inconsistency.  To  the  spirit  at 
play  there  is  no  evil,  but  to  the  spirit  at  work  there  is  abundant 
evil  calling  for  intelligence  and  sympathy. 

Shaftesbury  repeatedly  asserts  that  what  is  beautiful  and 
well-proportioned  is  good,  and  that  what  is  absolutely  beauti- 
ful is  the  absolutely  good.  He  also  declares,  though  less  di- 
rectl}^,  that  what  is  not  harmonious  and  well-proportioned  is 
evil.  But  in  spite  of  such  assertions  he  is  far  from  exaggerating 
the  identity  of  the  good  and  the  beautiful,  as  can  be  seen  by 
the  following  limitations:  (i)  He  defines  beauty^  with  extra- 
ordinary austerity,  (2)  He  teaches  that  there  are  various 
stadia  or  orders  of  goodness  and  beauty,  (3)  He  identifies 
moral  ugliness  or  lack  of  proportion  almost  always  with  (a) 
exce.ssive  egoism  or  (b)  unnatural  affections.  Accordingly  his 
doctrine  of  the  identity  of  goodness  and  beauty  means  simply 
that  perfection  of  form  is  an  outward  indication  that  energy 
and  virtue  have  reached  a  certain  stadium  and  received  the 
reward  of  striving,  in  the  harmonious  activity  of  the  forces  and 
affections  involved.  While  the  affections  are  divided  the  ego- 
istic are  evil;  but  he  does  not  vindicate  heroic  altruism,  and 
regards  it  as  asymmetrical.  It  7iever  occurs  to  hi7n  that  heroic 
self-sacrifice  in  the  individual  may  tend  to  symmetry  i?i  the  state; 
hence  his  defective  sympathy  for  Christianity. 

Besides  this  discussion  of  evil  there  are  three  other  discus- 
sions which  Shaftesbury  treats  as  preliminary  to  his  doctrine  of 
the  highest  good:  (i)  the  meaning  of  the  word  "  natural,"  (2) 
the  probability  of  miracles,  (3)  the  existence  of  God.   We  have 

^  The  emphasis  given  throughout  this  essay  to  the  inward  stoicism 
of  Shaftesbury  is  more  than  confirmed  by  Dr.  Rand's  contribution 
to  our  knowledge  of  his  esoteric  faith. 

JOURNAI,— 5 
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to  do  only  with  the  influence  of  aesthetic   ideas   upon    these 
questions. 

The  word  natural  means  either  governed  by  the  instinct  given 
primarily  by  nature,  or  governed  by  affections  occurring  in 
such  proportions  as  to  produce  harmonious  conduct  on  a  higher 
plane;  that  is,  by  a  refined^  and  conscious,  but  yet  adequate, 
naive  and  harmonious,  substitute  for  instinct.  So  long  as  man's 
instinct  was  purely  undivided  and  unconscious  he  was  not 
really  a  moral  being.  So  soon  as  he  began  to  reflect  upon  his 
conduct,  his  instinct  became  divided  into  affections.  These 
affections  must  be  selfish  or  unselfish.  Even  wolves  love  their 
young  and  identify  them  with  themselves  to  the  point  of  dying 
for  them.  The  higher  stadia  of  life  differ  from  the  lower,  not 
in  the  balance  of  these  affections,  but  in  refinement  and  self- 
consciousness.  Lhmatural  means  lacking  in  instinctive  balance 
on  any  plane  of  moral  conduct.  On  this  idea  rests  Shaftes- 
bury's whole  structure  of  moral  good.  To  Shaftesbury  a  re- 
turn to  nature  does  not  mean  a  return  to  ignorance  or  sav- 
agery, but  to  the  well-proportioned  affections  of  in.stinct  on 
new  stadia  of  progressive  refinement. 

He  relates  the  discussion  of  miracles  to  his  aesthetic  ideas  in 
the  following  manner:  All  nature  is  a  miracle;  the  true  mod- 
ern transubstantiation  is  the  perception  of  a  bit  of  nature  as 
"  beseelt;'''  at  a  rude  blow  the  hamadryad  may  desert  the  tree. 
Shaftesbury  shows  a  half  serious  enthusiasm  for  nymphs  and 
hamadryads.  But  these  Greek  miracles  do  not  disturb  the 
order  of  nature.  The  true  miracles  are  always  present  and  re- 
quire not  to  be  performed,  bid  to  be  perceived.  There  are  minds 
so  ill-regulated  that  the  order  of  nature  does  not  kindle  the 
sense  of  divinity;  these  think  that  any  violation  of  natural  law 
through  prodigies  would  offer  proof  of  the  realit)'  of  spiritual 
forces.  But  miracles,  he  says,  though  they  would  be  proof  of 
power  would  not  prove  goodness  in  the  agent,  and  hence 
not  God.  They  would  unhinge  nature,  bring  confusion  into 
the  world,  break  its  uniformity,  destroy  that  admirable  sim- 
plicity of  order  from  whence  the  one  infinite  and  perfect  prin- 
ciple is  known.  The  world  is,  he  sa3^s,  not  a  self-governed, 
but  a  God-governed  machine. 

The  aesthetic  argument  for  a  God  he  bases  upon  the  princi- 
ple that  while  religion  cannot  be  founded  upon  a  system  of  re- 
wards and  punishments,  it  can  be  founded  upon  the  principle 
of  love;  and  the  love  of  God  can  be  immediately  perceived  in 
the  beauty  of  nature.  He  does  not  hold  that  every  man  can 
see  the  beauty  of  nature  in  this  way.     But  great  leaders  per- 

^By  "refined  "  I  mean  here  "  sharpened  "  rather  than  elevated  or 
exalted  in  the  Christian  sense. 
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ceiv^e  it  and  teach  the  race.  Alan's  very  struggle  for  knowledge 
destroys  his  harmony  of  perception,  but  the  time  will  come 
when  through  adequate  culture  men  may  return  to  nature. 
He  admits  that  while  knowledge  is  imperfect  it  is  impossible 
to  prove  that  the  universe  is  a  harmony,  but  he  claims  that 
the  more  we  learn  of  natural  law  the  more  reason  we  have  to 
believe  that  nature  is  all  governed  by  one  spirit. 

It  is  clear  that  he  can  have  but  one  conception  of  the  high- 
est good,  and  he  states  with  explicitness  that  to  know  the 
truly  beautiful  with  genuine  enthusiasm,  and  thus  to  achieve 
continuous  and  intense  harmony  is  the  summum  bonum.  On 
lower  stadia  proportion  and  symmetry  are  signs  of  harmonious 
affections,  but  the  absolute  beauty  must  be  free  from  lower  in- 
terests. ' '  The  absurdity  lies  in  seeking  the  enjoyment  elsewhere 
than  in  the  subject  loved.''  This  fine  conception  lies  at  the  core 
of  the  aesthetic  ethics.  The  psychological  basis  of  the  percep- 
tion of  the  truly  beautiful  is  in  an  affection  which  he  calls 
sometimes  enthusiasm,  and  sometime  love,  and  which  seems  to 
coincide  with  the  social  affections  in  a  high  state  of  activity. 
Shaftesbury's  ethical  structure  comprises  a  series  of  stadia 
upon  which  this  affection  seizes  upon  larger  and  larger  circles 
of  the  non-ego  to  identify  them  with  the  ego.  This  process 
develops  with  increased  knowledge  and  intercourse.  It  in- 
volves not  only  offspring,  clan,  country,  and  the  human  race; 
but  finally  (animals?),  plants,  mountains,  seas,  sky.  When 
the  more  remote  and  insignificant  parts  of  nature  are  saturated 
with  this  identifying  sympathy  it  begins  to  be  seen  that  the 
beauty  of  nature  is  literally  a  divine  beauty,  and  that  the  soul 
is  face  to  face  with,  if  not  identified  with,  the  creative  principle. 

There  are,  he  says,  "three  orders  of  forms:"  (1)  material 
forms,  (2)  forming  forms,  and  (3)  forms  that  produce  form- 
ing forms,  by  which  he  says  he  means  the  procreative  power. 
These  three  stadia  are  an  aesthetic  reading  of  body,  soul,  and 
spirit.  The  third  order  can  produce  minds,  just  as  the  mind 
itself  can  design  material  forms.  That  which  fashions  minds 
themselves,  contains  in  itself  all  the  beauties  fashioned  by  those 
minds.     These  forms  are  the  fountain  of  all  beauty. 

But  this  creative  principle  in  man  is  the  same  which  gives 
beauty  and  government  to  nature.  It  is  the  principle  of  beauty 
within  us,  our  intuitive  knowledge  of  form,  that  teaches  us  to 
recognize  the  beautiful,  without  instruction  from  others.  The 
energy  with  which  Shaftesbury  explains  that  the  pure  attrac- 
tion of  beauty,  an  attraction  absolutely  indepeiideyit  of  the  actual 
existence  of  the.  object  admired,  must  be  distinguished  from  lower 
attractions,  is  nowhere  surpassed,  and  is  the  germ  of  all  that 
is  best  in  Kant's  Kritik  der  Urteilskraft  and  in  Schiller's  aesthetic 
letters.     The  highest  attainable  good  is  the  harmony  of  the 
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being,  involved  in  the  perception  of  spiritual  beauty  through 
sensuous  representation.  The  idea  is  essentially  one  of  freedom. 
It  can  hardly  be  said  that  Shaftesbury  taught  an  Identitatssytem, 
yet  it  is  mainly,  perhaps,  his  aversion  to  metaphysical  specula- 
tion that  kept  him  from  making  the  step  thereto.  The  creative 
energy  in  man  occurring  on  the  most  refined  stadium  of  culture, 
freest  from  narrow  interests,  finds  itself  in  complete  harmony 
with  the  creative  principle  in  nature,  showing  as  the  beautiful. 
The  world  is  thus  perceived  as  ' '  heseelt. ' '  There  is  no  desire 
to  see  it  other  than  it  is,  to  perform  miracles,  because  there  is 
no  possibility  in  this  state  of  any  desire  of  anj'  kind  whatever; 
harmony  is  precisely  the  condition  in  which  desires  are  at  rest. 
The  soul  perceives  the  divine  beauty  of  the  world  and  assents  to 
its  goodness.  What  is  not  seen  as  perfectly  good  is  not  seen 
as  beseelt  and  harmonious.  This  is  to  see  the  miracle  of  crea- 
tion and  in  a  sense  to  see  it  from  the  point  of  view  of  creator; 
but  this  state  of  mind  can  hardly  be  called  moral,  inasmuch  as 
it  occurs  at  a  point  where  the  consciousness  withdraws  from 
interested  relations.^  Shaftesbury  considers  the  human  form 
as  a  part  of  nature,  and  as  its  most  beautiful  object.  It  was 
from  him  that  Schiller  took  his  idea  of  the  difiiculty  of  seeing 
the  human  body  sestheticall}-.^  In  the  Moralists,  where  he  ex- 
presses so  passionately  his  feeling  for  the  spiritual  beautj'  of 
nature,  he  confines  himself  to  the  beauty  of  landscape,  because 
he  knew  that  it  requires  almost  superhuman  elevation  of  mind 
to  treat  the  human  form  as  a  pure  aesthetic  phenomenon.  This 
passage  was  the  key-note  of  the  chorus  of  nature-poetrj'  that 
began  a  few  years  later  with  The  Seasons  and  w-hich  has  been 
a  main  element  in  literature  ever  since.  Shaftesbury's  influ- 
ence on  Pope's  verse ^  has  been  elaborately  exploited,  but  his 
influence  on  Thomson,  Cowper,  and  Wordsworth  is  far  more 
important  to  us.  Shaftesbury's  connection  of  the  highest  good 
with  a  pure  and  intense  A^ischatiung  of  nature  and  with  the 
third  or  creative  order  of  forms  in  man  is  full  of  suggestiveness, 
and  foreshadows  another  problem  of  aesthetics,  that  is,  the  rela- 
tion of  beauty  to  sublimity  on  the  highest  stadium  of  apprecia- 
tion. It  is  true  that  Shaftesbury  speaks  of  nature  thus  per- 
ceived as  beautiful,  but  the  discrimination  of  beautj^  and  sub- 
limity was  but  ill-understood  by  Burke  many  years  after  Shaftes- 
bury death  (1761) ,  and  was  not  understood  in  the  modern  sense 
before  Kant's  definitions  (1790).  Shaftesbury  expressly  states 
that  the  sublime  places  of  nature,  great  forests,  mountains, 
caverns,  are  most  favorable  to  the  contemplation  of  God.   In  this, 

^  Neither  immoral,  nor  not  yet  moral,  but  prcetermoral. 
^Letter  26. 
3  Paul  Vater. 
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as  in  many  other  respects,  he  foreshadows  modern  aesthetic 
views. 

It  becomes  clear  upon  reflection  that  nature,  seen  as  the  im- 
mediate expression  of  divinity,  cannot  be  called  beautiful  with- 
out at  the  same  time  being  called  sublime.  In  spite  of  certain 
differences  between  the  definitions  of  Kant,  Hegel,  and  Vischer, 
on  the  one  hand,  and  of  Fechner,  Hartmann  and  others  on  the 
other  hand,  there  is  a  general  agreement  that  a  sublime  object 
must  in  some  sense  be  great  or  mighty  {gewaltig^,  that  it  must 
arouse  a  sense  of  fear  and  weakness  in  the  spectator,  and  that 
this  feeling  must  be  followed  by  a  pleasing  sense  of  the  supe- 
riority of  mind  over  matter.  (It  seems  that  the  tragic  in 
the  moral  world  arouses  fear  and  pity  in  the  spectator,  but  also 
gives  pleasure  by  being  perceived  in  the  aesthetic  Schein.  This 
analogy  has  sometimes  led  to  a  slight  confusion  between  the 
terms  tragic  and  sublime;  Shaftesbury  uses  the  word  sublime 
rather  of  conduct  than  of  sense-objects).  Kant  teaches  that, 
in  the  sublime,  perceptions  are  not  compared  with  conceptions 
of  the  understanding,  as  in  beauty,  but  with  ideas  of  the  rea- 
son. Its  effect  depends,  therefore,  upon  a  disp7Vpo7'tio?i  between 
sense-perceptions  and  ideas  of  reason.  The  German  ^sthetik 
in  general  derives  the  sublime  from  the  ' '  Vernunftidee  des 
Uneudlichen."  There  seems  to  be  a  great  deal  of^  relative 
subli77iity  which  does  not  quite  arouse  those  ideas  of  the  soul 
which  we  call  taundlich,  or  absolute,  or  divine;  but  certainly 
the  sublime  is  most  effective  when  it  does  so  affect  us.  (Ex. 
Coleridge's  Hy?n?i  to  Mont  Bla7ic.) 

On  the  contrary,  the  beautiful,  instead  of  exalting  the  spirit- 
ual part  of  man  and  humbling  the  sensuous,  brings  a  feeling 
of  harmony  and  proportion  between  the  sensuous  and  the  re- 
flective powers  of  our  nature. 

Hence,  accordingly,  it  would  seem  that  Shaftesbury's  beauty 
of  nature  is  not  mere  beauty:  (i)  because  he  views  the  whole 
earth,  mountains,  oceans,  sky,  with  a  comprehension  of  their 
enormous  magnitude  and  power,  (2)  and  because  his  contem- 
plation ends  in  a  referring  of  all  this  to  a  spiritual  being.  But 
on  the  other  hand  all  these  sublime  elements  are  seen  by 
Shaftesbury  as  a  vast  and  beautiful  harmony,  while  the  sublime 
as  such  is  ahvays  characterized  by  a  certain  isolation,'^  and,  short 
of  its  solution  in  catastrophe,  a  certain  i?isolubility.  Can  an  object 
be  both  sublime  in  the  strict  Kantian  sense,  and  beautiful  at 
the  same  time  ?  The  answer  to  this  is  that  before  an  object 
can  really  be  perceived  as  (absolutely)  sublime  and  (abso- 
lutely) beautiful  at  once  it  must  arouse  in  the  spectator  a  har- 

^Cf.  Karl  Groos,  Einleitung  in  die  ^sth.  S.  310. 
2  Just  as  the  tragic  is  characterized  by  loneliness,  as  in  Hamlet,  Mac- 
beth, Timon. 


478  LiBBY : 

monioiis  perception  of  spiritual  powers  which  wholly  satisjBes 
the  aspirations  of  the  intellect  at  the  same  time,  and  this  could 
onlj'  mean  that  the  object  is  known  b}^  a  mind  which  perceives 
the  sense  object  as  a  spiritual  creation  (or  in  other  words  by  an 
intuitive  intellect  in  which  will  and  power  are  one,  and  the  under- 
standing a  mere  channel  of  communication).  Shaftesbury  proba- 
bly does  not  strictly  mean  that  the  harmony  between  his  soul 
and  the  sublime  beauty  oi  r\2iivire  amounts  to  a  sense  of  creation, 
but  merely  that  it  offered  a  presentiment  of  such  a  sense.  Or 
if  he  really  believed  that  he  perceived  the  soul  of  nature  in  the 
beauty  of  the  landscape,  it  is  yet  possible  that  this  belief  was 
the  error  of  an  enthusiastic,  sensitive,  and  aspiring  mind.  The 
efforts  of  poets  to  see  the  world  from  this  imaginary'  point  of 
view  frequently  lead  to  poetry  in  which  a  high  degree  of  beauty 
and  a  high  degree  of  sublimity  are  more  or  less  successfully 
blended.      (Ex.  Faust  I.   Prolog,  in  Himmel,  V,  1-28.) 

It  follows  from  this  that  the  highest  good,  as  taught  by 
Shaftesbury,  is  an  aesthetic  delight  in  nature,  including  man; 
in  this  state  beauty  on  its  highest  plane  forms  a  union  of  sub- 
lime elements,  and  the  attitude  of  the  beholder  is  that  of  an  ar- 
tist rejoicing  in  his  work  with  a  full  critical  appreciation,  but 
with  no  thought  of  vierely  understanding  it  or  fearing  it,  but 
of  taking  an  ecstatic  pleasure  in  it.  In  the  progress  of  the 
aesthetic  consciousness  toward  such  an  ideal,  it  is  clear  that  the 
sense  of  sublimity  must  extend  enormously  before  all  objects 
can  be  received  into  an  aesthetic  Ajischaiamg .  It  is  probable 
that  as  knowledge  increa.ses  and  sensibilitj^  keeps  pace,  not 
only  mountains,  oceans,  storms,  are  regarded  as  sublime,  and 
not  only  the  earth  as  a  vast  ball  in  space,  but  even  small  and 
hitherto  insignificant  objects  which  science  has  discovered  to 
be  examples  of  great  natural  laws.  Th.Q  feeling  that  should  be 
inspired  by  natural  law  comes  very  slowly,  yet  both  knowledge 
and  feeling  are  implied  in  any  progress  toward  freedom. ■^  In 
the  days  of  Kant  the  view  of  sublimity  which  prevailed  in  literary 
circles  zvas  crude  if  7iot  vulgar  from  our  pohit  of  view.  Many 
parts  of  Schiller  and  Byron  which  thrilled  our  ancestors  leave 
us  cold.  The  average  literary  student  of  to-day  in  England  or 
America  accepts  Matthew  Arnold's  estimateof  Byron  and  Words- 
worth as  substantialh'  correct,"  though  the  Germans  still  re- 
gard Byron  much  as  the  English  did  long  ago.  Some  modern 
poets  find  sublimit}-  in  objects  that  were  once  thought  mean 
and  trivial,  and  the  tragic  is  no  longer  confined  to  the  great 
and  powerful,  and  indeed,  in  some  instances,  has  been  seri- 
ou.sly  extended  to  the   fortunes   of  animals,  if  not   of  plants. 

^  Knowledge  and  virtue  are  identical  only  when  knowledge  includes 
the  feeling  which  belongs  to  it. 

"^Trent  on  the  Byron  revival — but  he  does  not  refute  this  view. 
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Sympathetic  identification  of  the  self  with  the  non-self  follows, 
slowly,  upon  the  searching  analysis  of  scientific  investigation, 
and  begins  to  construct  a  spiritual,  but  not  a  superstitious,  JVe/f- 
ayischaming  nearer  to  that  which  presented  itself  to  the  insight 
of  Shaftesbury. 

Shaftesbury's  view  of  the  identity  of  the  supreme  good  and 
the  supreme  beauty  resembles  that  of  Plato  in  many  respects.^ 
But  Shaftesbury's  clear  and  original  grasp  of  the  necessity  for 
balance  between  and  sympathy  between  the  self  and  the  non-self 
brings  him  very  close  to  the  present  age.  He  may  be  said  to 
stand  midway  between  Plato  and  Schelling. 

§  4.   Proportion  and  Enthusiasm. 

Shaftesbury  deals  with  three  chief  points  concerning  en- 
thusiasm in  its  relation  to  proportion:  (i)  What  is  the  nature 
of  the  quality  called  enthusiasm  ?  (2)  What  is  enthusiasm  in 
the  derogatory  sense  ?  (3)  What  is  it  in  its  best  sense? 

He  made  a  highly  original  eflfort  to  see  a  mysterious  psycho- 
logical phenomenon  in  a  reasonable  and  philosophic  light.  He 
considers  enthusiasm  both  from  an  ethical  and  from  a  meta- 
physical standpoint  {i.  c,  in  its  relation  to  reality),  and  makes 
an  attempt  to  comprehend  both  views  under  the  category  of 
aesthetic  form. 

Shaftesbury  takes  the  conception  of  enthusiasm  very  seri- 
ously. He  uses  the  word  partly  in  its  Greek  sense  (ei/^ouo-ta^etv), 
and  partly  in  its  relation  to  those  terrible  outbreaks  of  religious 
mania  which  were  so  widespread  in  the  middle  ages.^  Hence 
the  mysterious  suggestiveness  of  the  word  in  this  essay.  In  no 
case  does  he  employ  it  in  its  usual  modern  English  sense. 

In  the  Moralists  enthusiasm  is  spoken  of  as  a  serise  by  means 
of  which  the  "  divine  beauty  "  of  nature  may  be  apprehended; 
that  energy  through  which  nature  may  be  perceived  in  the 
aesthetic  Schein  as  understood  by  Shaftesbury,  who  as  a  stu- 
dent of  Plato  (v.  Rep.  Bk.  X)  had  grasped  that  conception  as 
firmly,  though  not  as  analytically,  as  Schiller  and  Hegel.  In 
the  Inquiry  he  has  based  the  conscious  moral  activities  in  the 
animal  affections.  While  these  are  below  the  state  of  reflection 
they  are  neither  moral  or  immoral,  but  non-moral  or  sub- 
moral.  In  the  moral  realm  they  show  normally  (he  speaks 
also  of  unnatural  affections)  as  selfi.sh  and  social. 

Enthusiasm  may  be  described  as  a  state  of  the  soul  in  which 
the  animal  energies,  acting  on  various  planes  of  consciousness, 
urge  the  individual  to  extraordinary  activity  of  body  or  mind. 
When  this  extraordinarily  energetic  impulse  reaches  a  very 

^Republic,  VII,  517. 

2  Cf.  Dancing  Mania  of  Middle  Ages. 
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high  plane  of  consciousness  it  produces,  perhaps,  a  knowledge 
or  power  which  the  understanding  does  not  possess,  such  as 
the  power  of  perceiving  nature  through  aesthetic  intuition  as 
' '  beseelt. ' ' 

Enthusiasm  in  general  implies  a  preponderance  of  natural 
energy  over  culture  with  a  consequent  lack  of  repose  or  stability. 
If  the  mind  is  cultivated  adequately  in  many  directions  it 
makes  a  reasonable  use  of  the  energ}'  supplied  it  by  nature  in 
the  performance  of  its  ordinary  functions.  On  the  other  hand, 
if  the  mind  has  few  or  fragmentary  lines  of  thought,  and  yet  is 
supplied  with  a  great  flow  of  activity,  it  is  always  in  danger  of 
being  roused  to  fury  by  the  rush  of  superfluous  energy  into 
some  complex  out  of  which  it  cannot  find  a  wa}'  for  itself.  The 
tendency  of  this  impulse  to  discharge  itself  in  action  makes 
persuasion  of  no  avail,  because  the  outlet  ofiered  by  any  sug- 
gestion of  reason  is  too  slight  to  give  relief. 

Hence  enthusiasm  may  be  said  to  be  bad  when  it  occurs  in 
relation  to  a  notion  not  standing  in  well-proportioned  relation 
to  other  notions.  Humor  is  a  peculiarly  efiective  means  of 
drawing  off"  the  energies  of  a  fanatic  or  a  mob  from  their  fixed 
ideas  if  employed  in  good  time. 

The  Greeks  had  enthu.siasm  with  well-proportioned  culture. 
Their  Welianschajnmg  was  broad  and  complete ;  though  their 
knowledge  was  not  minutely  ramified,  yet  it  was  comprehensive, 
and  was  crowned  b}^  a  mythology  in  which  the  muses  gave 
them  ^.provisional  or  fanciful  outlet  toward  reason,^  which  though 
poetical  was  sane  and  natural.  Aristotle  and  Kant  do  not  take 
their  categories  more  seriously  as  a  set  of  meridians  toward 
truth  than  Shaftesbur}-  takes  the  Muses  as  guides  to  the  Ely- 
sium of  the  aesthetic  Ayischauuyig.  The  Christians,  he  says, 
pity  the  Greeks,  but  their  religion  as  humorless,  fanatical 
and  "soul-saving,"  is  inferior  in  symmelr3^  naturalness 
and  breadth.  God,  he  says,  with  naive  anthropomorphism,  is 
to  be  conceived  not  as  severe,  pompous,  imposing,  but  as  sweet 
and  good-humored.  Ill-humor  is  the  result  of  narrow  cul- 
ture, or  of  opposition,  but  God  can  have  no  ill-humors,  for  in 
him  all  the  energies  get  their  appropriate  play,  and  he  is  not 
opposed. 

Enthusiasm,  accordingly,  is  good  when  it  produces  an  ener- 
getic, well-balanced  activity  in  ordinary  minds,  and  it  is  best 
when  it,  through  natural  power  and  well-balanced  habits  of 
associational  thinking  rises  above  the  mere  intellect  to  the 
energy  of  poetic  genius,  of  artistic  inspiration,  or  spiritual  in- 
tuition. 

In  this  essay  on  Enthusiasm,  Shaftesbury  shows  a  lack  of 

^This  is  a  main  use  of  great  poetry. 
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appreciation  for  the  sublime,  the  individual,  the  tragically  per- 
sistent, the  inadequate  but  struggling  idea.  He  has  a  vivid 
conception  of  what  is  harmonious  for  mankind  or  for  a  single 
fortunate  and  cultured  person.  But  he  never  grasps  the  great- 
ness of  a  man  or  a  nation  with  a  mission,  a  peculiar  and  divine 
vocation;  hence  his  bitter  contempt  for  the  Jews  as  one-sided 
gloomy  fanatics,  and  his  preference  for  the  joyous  Greeks.  He 
quotes  with  fine  literary  effect  the  saying,  ' '  though  I  give  ray 
body  to  be  burned  and  have  not  love,  it  profiteth  me  nothing," 
but  fails  to  see  that  in  the  comnuuiity ,  "  form  "  can  be  achieved 
only  by  self-sacrifice.  To  love  the  public,  to  study  universal 
good,  and  to  promote  the  interest  of  the  world  by  making  our 
best  views  prevail,  is,  he  says,  "that  temper  which  we  call 
divine."  But  this  temper  of  making  the  good  prevail  must, 
he  insists,  be  '^  7171  biased,"  because  otherwise  we  cannot 
"judge  the  spirits  whether  they  be  of  God."  His  dislike  for 
vulgar  enthusiasm  is  a  distaste  for  bad  form.  His  dislike  for 
an  intimate  personal  religion,  a  "soul-saving"  religion,  is  a 
disgust  for  bad  manners.  Shaftesbury,  like  Plato,  had  a  re- 
markably strong  grasp  upon  the  simple  principles  of  form,  such 
as  symmetry,  proportion,  unity.  But  it  would  be  easy  to  over- 
estimate his  artistic  gifts,  for  he  shows  little  sense  of  structure 
as  a  prose  w-riter,  and  his  notions  of  art  are  the  notions  of  a 
thinker,  with  no  convincing  sense  of  individual  reality.  He 
has  a  strong  artistic  impulse,  but  little  physical  basis  for  it, 
and  no  technical  training.  With  convincing  sensuousness,  and 
training  in  observing  and  handling  the  individual  case,  he  might 
have  been  an  artist;  for  the  enormous  respect  for  form  and  art, 
which  he  continually  displays,  is  not  more  remarkable  than 
his  taste,  energy,  and  sensibilit\%  his  insight  into  character, 
his  sympathetic  humanity,  and  his  impassioned  love  of  truth 
and  justice;  all  characteristics  of  the  greater  artistic  or  poetic 
temperament. 

One  might  say  that  he  had  a  horror  of  that  sublime  en- 
thusiasm which,  with  some  narrowness,  but  great  singleness  of 
purpose,  has  no  thought  of  beautiful  form  in  any  relative  sense, 
or  on  any  lower  plane  than  its  particular  ' '  kingdom  of  heaven, ' ' 
but  pursues  the  infinite  and  absolute  in  severe  and  disciplined 
striving.  Shaftesbury  was  all  in  favor  of  broad,  joyous,  well- 
proportioned  solidarity.  Yet  in  his  own  inward  life  the  beauti- 
ful in  all  its  fullness  reached  the  sublime  level,  and  like  his 
Greek  masters  he  believed  that  he  perceived  not  the  shadow  but 
the  reality. 

In  Shaftesbury's  last  w^itings^  enthusiasm  is  related  to  mel- 
ancholy and  even  in  a  sense  to  sublimity.     But  melancholy  is 

1  Miscellanies. 
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pathological,  and  the  true  sublime  is  not  tragic  melancholy, 
but  a  feeling  of  serene  divinit}'  ("There  is  a  power  in  num- 
bers, harmony,  proportion,  and  beauty  of  every  kind,  which 
naturall}-  captivates  the  heart,  and  raises  the  imagination  to  an 
opinion  or  conceit  of  something  majestic  and  divine)." 

This  right  enthusiasm  shows  as  (i)  the  courage  of  the  true 
soldier,  and  (2)  the  genius  of  the  artist,  (3)  it  is  the  means  of 
perceiving  the  really  beautiful,  (4)  it  is  the  spiritual  element 
in  sexual  love,  and  (5)  the  ?^zvae.oi pU7-e  frie^idship;  (6)  through 
it,  religious  feeling  becomes  "  an  astonishing  delight  or  ravish- 
ment." 

^)\^  false  enthusiasm  takes  the  form  of  fear,  melanchoh',  con- 
sternation, suspicion,  despair,  and,  above  all,  superstition, 
belief  in  evil  spirits,  and  experience  of  morbid  and  degrading 
religious  ecstasy. 

His  most  fruitful  new  application  of  the  idea  in  his  last  work 
is  the  suggestion  that  history  may  be  regarded  aesthetically.  In 
Greece  life  was  well-balanced,  and  beauty  was  general^  wor- 
shipped. But  when  Rome  came  to  rule,  the  power  of  that  ter- 
rible empire  tended  to  raise  "an  expectation  of  a  divine  de- 
liverer." This  conception  is  endlessly  suggestive  of  the 
analogies  between  psychology  and  history;  it  is  in  striking 
accord  with  the  aesthetic  theory  of  the  relation  of  the  sub- 
lime to  the  terrible,  and  with  Schelling's  view  of  history. 
Taken  in  connection  with  his  conception  of  the  highest  good  as 
a  sublime-beautiful  Anschaiauig  it  would  suggest  that  in  an 
ideal  commonwealth  the  Christian  sublimity  of  spiritual  power 
would  be  combined  with  Hellenic  proportion  and  harmonj'. 

His  general  doctrine  regarding  enthusiasm  is  that  it  is  the 
power  o{  \.\\^  human  mind,  and  that  it  is  capable  of  almost  an^' 
kind  of  results,  depending  upon  the  direction  and  proportion  it 
receives  from  the  reason;  a  means  for  complete  slavery  or  per- 
fect freedom.  This  enthusiasm  he  regards  as  the  activity  com- 
mon to  bod}-,  soul,  and  spirit,  and  he  makes  a  vehement  ap- 
peal for  the  view  that  form  is  a  conception  strictly  applicable 
to  the  inner  experience.  His  view  is,  that  no  matter  how 
much  knowledge  and  energy  society  ma}'  have,  it  can  never 
have  freedom  and  harmony  until  all  the  parts  of  its  achieve- 
ment are  related  in  a  well-ordered  form.  Harmoniously  related 
form  is  the  aesthetic  contribution  to  ethics. 

§  5.    Proportion  and  Literature. 

Shaftesbury  conceived  that  the  function  of  literature  is  to 
show  in  a  pleasing  form  a  true  image  of  the  world,  and  espe- 
cially of  the  relations  of  character  and  conduct.  To  treat  the 
world  of  moral  relations  as  material  for  artistic  form  by  giving 
it  expression  in  particular  persons  and  situations  is  to  be  a  lit- 
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erary  artist.  But  this  can  be  done  well  only  by  one  who  has  a 
comprehen.'^ive  sympathy  for  his  fellow-men.  To  identify  one' s 
self  throng h  imaginative  sympathyss\W\  all  kinds  of  persons,  to 
see  the  world  as  one's  self,  and  to  judge  it  as  one  judges  the 
corresponding  phenomena  in  one's  own  character,  is  to  have 
the  literary  point  of  view.  But  to  be  an  artist  of  conduct  and 
character  one  must  be  self-critical.  Our  true  genius  or  guar- 
dian spirit  is  our  aesthetic  consciousness  retreating  into  the 
distance  in  order  to  judge  the  composition  of  our  own  soul,  and 
"  according  as  this  recess  is  deep  and  intimate  "  we  can  see 
ourselves  truly  and  obtain  that  knowledge  which  fits  us  to 
judge  others  wisely.  Shaftesbury's  position  is  as  follows:  The 
body  is  the  seat  of  pleasure  and  pain,  the  soul,  of  hope  and 
fear,  joj'  and  sorrow,  etc.,  etc.  The  consciousness  may  be 
more  or  less  fully  identified  with  either  body  or  soul;  but  the 
consciousness  may  withdraw  from  its  immediate  locus  in  either 
body  or  soul  without,  however,  failing  to  do  justice  to  the 
comparative  reality  of  either;  in  this  recess  the  consciousness 
is  the  literary  bystander;  the  aesthetic  spirit.  It  sees  the  world  of 
passion  in  its  own  soul,  but  does  not  particularly  distinguish  its 
own  soul  from  the  souls  of  other  human  beings  because  through 
sympathy  it  holds  their  joys  and  sorrows  to  be  equally  related 
to  it.^  This  point  of  recess  is  the  center  of  all  human  experi- 
ence; the  artistic  spirit  knows  the  joys  and  sorrows  of  the  race 
not  less  but  more  deeply  than  the  practical  consciousness,  but 
it  perceives  individual  experience,  whether  in  its  own  case  or 
that  of  others,  to  be  part  of  an  harmonious  masterpiece. 

The  question  has  often  been  raised,  why  do  we  lake  pleasure 
in  tragedy,  and  why  is  the  pleasure  great  in  proportion  as  the 
pain  is  great.  Kant's  teaching  of  the  sublime  shows  how  the 
painful  becomes  pleasurable  when  referred  to  the  infinite. 
Shaftesbury's  view  is  ver}^  broad,  and  may  be  stated  as  follows: 
from  the  deepest  recess  of  the  aesthetic  consciousness  not  only 
the  terrible  and  tragic,  but  all  the  phenomena  of  body  and  soul 
appear  to  have  only  imaginary  reality,  and  the  deep  pleas- 
ure of  the  aesthetic  Anschaiaaig  is  in  the  sense  of  power  and 
harmony  which  arises  from  unifying  and  transcending  experi- 
ence, while  not  ignoring  its  comparative  reality,  but  rather 
most  fully  recognizing  it.^  Only  from  this  point  of  view  can 
one  know  the  world  truly,  all  others  are  unfree  and  onesided. 
Poets,  lovers  and  mystics,  he  says,  aim  at  seeing  the  world 
imaginatively,  but  they  often  lack  the  deep  and  well-rounded 
self-knowledge  demanded  for  the  task.     This  is  Shaftesbury's 

iThe  contemplation  of  a  play  should  not  excite  the  will,  except  in 
boors. 

2  "  He  that  will  all  the  treasure  know  'o  the  earth,  must  know  the 
center  too."     Shakespeare. 
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idea  of  proportion  applied  to  literature  as  it  has  been  al- 
ready applied  to  virtue,  the  highest  good,  religion,  and 
philosophy.  This  inner  architecture,  he  says,  must  be  ap- 
plied not  only  to  the  character,  but  to  society.  We  are  to  seek 
the  moral  Venus  as  distinguished  from  the  sensuous.  We  are 
to  use  our  sense  of  aesthetic  form  to  improve  our  moral  propor- 
tions, and  this  improvement  will,  in  turn,  improve  our  sense  of 
form.  Shaftesbury  has  always  before  him  the  conception  of  an 
ideal  commonwealth  where  all  will  be  beautiful  and  good,  and 
the  image  of  this  state,  as  conceived  by  the  poet,  should  be  an 
incentive  to  progress.  "  Such  a  poet  is  indeed  a  second  maker, 
a  just  Prometheus  under  Jove."  He  holds  that  only  poets  of 
just  character  can  produce  beautiful  ideals,  "for  knavery  is 
mere  dissonancy  and  disproportion."  He  even  thinks  that 
music  must  have  done  much  to  promote  civilization  by  setting 
up  an  idea  of  harmonious  relations. 

Even  in  art  he  dreads  the  discordant  effect  of  selfish  interest. 
Any  workman  who  loves  his  work  as  such,  and  is  proud  and 
independent  regarding  reward,  is  a  true  artist,^  and  this  spirit 
of  idealism  and  aesthetic  jov  in  the  daily  work,  he  declares  is 
"real  virtue  and  love  of  truth!  independent  of  opinion  and 
above  the  world!  "  In  the  same  vein  he  praises  Shakespeare 
because  he  pleases  ' '  without  a  single  bribe  from  luxury  or  vice. ' ' 
He  is  far  from  advocating  that  literature  should  teach  morality, 
he  does  not  want  moral  purpose  but  ideality — beautiful  moral 
proportions.  "It  is  a  due  sentiment  of  morals  which  alone 
can  make  us  knowing  in  order  and  proportion,  and  give  us  the 
just  tone  and  measure  of  human  passion." 

It  is  because  he  thinks  literature  a  good  basis  for  ethics  that 
he  thinks  it  a  better  discipline  for  a  philosopher  than  metaphysics. 
Literature  is  w^orthle-ss  Vihen  it  is  "Gothic  or  barbarous,"  by 
which  he  means  lacking  in  design  or  unity  of  design.  "  Na- 
ture," he  says,  "cannot  be  mocked,"  that  is,  all  that  is  ill- 
ordered  must  quickly  disappear. 

Accordingly,  in  literature  as  in  other  matters,  it  is  only  the 
regularlj'-  beautiful  that  appeals  to  Shaftesbury;  not  the  striving 
for  deeper  spiritual  content  regardless  of  regularity  of  form  as 
in  the  pictures  of  Diirer,  but  the  repose  upon  an  achieved 
stadium  of  perfectly  formed  beauty  and  perfectly  adequate  ex- 
pression as  in  the  works  of  Raphael.  Yet  Shaftesbury  desired 
the  highest  degree  of  spiritual  content.  But  he  did  not  like 
those  great  transition  movements  by  which  what  he  esteemed 
the  highest  ornaments  of  literature  are  reached.  He  is  not 
impressed  with  the  tremendous  complexity  of  the  problem  of 
transitition  from  stage  to  stage  of  aesthetic  and  ethical  forms, 

^Bosanquet's  Esthetic,  452-3. 
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or  of  the  relative  values  of  those  masters  who  have  and  who 
have  not  symmetry  and  proportion. 

In  his  latest  utterances  he  shows  a  deepened  sense  of  the 
truth  that  proportion  has  new  significance  as  the  social  rela- 
tions widen.  This  is  observable  in  his  remarks  on  patriotism 
as  an  ethical  form  midway  between  egoistic-family  and  egoistic- 
race  aflfections.  From  his  new  point  of  view  he  seems  to  rank 
the  egoistic-fatherland  affections  first  of  all.  This  agrees  with 
his  general  moderation  of  opinion. 

These  are  problems  intimately  related  to  literature  and  ethics. 
His  conception  of  manners  and  morals  as  the  same  thing  on 
dififerent  planes  has  also  something  fresh  and  interesting  as  in- 
dicating his  tendency  to  see  patriotic  and  cosmic  affections  as 
an  expansion  of  the  narrower  forms  of  alteregoism,  as  shown 
in  love,  family,  and  party  relations.  Had  he  been  given  to 
metaphysical  speculation  he  might  have  come  to  regard  meta- 
phj^sics  as  an  egoistic  universal  form  analogous  to  patriotic  and 
race  interests  but  more  expansive  still.  When  he  says  "  to 
philosophize  is  to  carry  good  breeding  a  step  higher,"  he  utters 
a  half-symbolic  truth  about  good  form,  very  characteristic  of 
his  standpoint. 

Another  later  thought  is  his  application  of  good  form  to 
pedagogy,  and  though  he  says  little,  the  topic  is  suggestive  of 
the  enormous  importance  of  natural  form  in  the  complex  asso- 
ciated ideas  of  youth,  and  of  the  danger  of  abstract,  frag- 
mentary, and  inadequate  ideas.  He  represents  the  English 
notion  that  balance  and  manners  are  the  object  of  education. 
The  teaching  of  this  system  inculcates  honor  rather  than  good- 
ness or  learning.  It  may  be  safely  asserted  that  all  specializing 
in  single  branches  would  have  seemed  to  him  dangerous,  as 
tending  to  congestion  and  lack  of  balance.  He  favored  those 
studies,  such  as  music,  poetry,  history,  etc.,  which  tend  to 
develop  the  mind  all  round.  He  identifies  proportion  with 
health  and  beauty.  He  does  not  see  that  harmony  on  higher 
stadia  may  be  favored  by  sacrifice  of  harmony,  or  "that  we 
should  things  desire  that  do  cost  us  the  loss  of  our  desire,"  ^ 
and  yet  desire  rightly;  hence,  as  was  said  in  another  connec- 
tion, his  defective  sympathy  for  heroic  Christian  ethics. 

§  6.     Common  Sense  and  Proportion. 

Se?is7is  commimzs,  says  Shaftesbury,  is  not  good  sense,  so 
much  as  the  good/ee/hig  resulting  from  a  fair  and  just  view  of 
the  rights  of  all  men. 

In  religion  the  opposite  of  common  sense  is  a  gloomy  ascet- 
icism which  despises  the  world  and  allies  itself  with  the  super- 

^Two  Noble  Kinsmen,  V. 
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natural.  In  philosophy  nothing  is  more  opposed  to  common 
sense  than  the  doctrine  that  man  is  by  nature  entirely  selfish. 
In  the  course  of  the  argument  he  declares  that  "  it  is  the  height 
of  wisdom  to  be  rightly  selfish."  It  is  manifest  that  common 
sen.se  isanother  name  for  Shaftesbury's  social  affections;  a  term, 
as  has  been  shown,  which  he  uses  not  in  the  sense  of  altruistic, 
but  of  alteregoistic  affections. 

His  arguments  in  favor  of  common  sense  are:  ( i )  Friendship 
is  admitted  on  all  hands  to  be  an  intensely  human  quality,  no 
ridicule  of  which  is  tolerated  by  the  race.  Yet  this  quality  is 
eminently  alteregoistic;  that  is,  a  matter  of  give  and  take:  it  is 
the  virtue  of  a  joyous  and  natural  people.  (2)  Poets  and  mu- 
sicians show  in  their  love  of  harmony,  and  in  their  desire  to 
please  and  benefit  others,  that  they  are  filled  with  common  sense, 
and  they  are  accordingly  accepted  by  common  consent  as  true 
human  types.  (3)  Lovers  are  regarded  by  all  as  natural  human 
types,  yet  no  true  love  is  merely  selfish.  (4)  The  beauty  of 
women  also  lies  in  a  mysterious  sympathetic  expression  which 
indicates  the  opposite  of  the  selfish  and  sensual  qualities  which 
Hobbes  and  others  regard  as  natural  to  humanity.  (5)  Even 
in  war  it  is  a  mistake  to  regard  humanity  as  merely  selfish  and 
wolfish.  The  soldier  is  a  wolf  toward  the  enemy,  but  nowhere 
else  are  so  many  acts  of  splendid  self-sacrifice  and  tender  devo- 
tion to  be  found  as  in  the  relation  of  the  soldier  to  his  comrade 
and  his  home.  The  coldest  men  are  the  slowest  to  take  sides. 
(6)  To  be  truly  cultured  is  not  to  be  selfish,  but  to  have  a  fine 
and  broad  sense  of  proportion.  Shaftesbury  uses  the  humor- 
ous argument  that  if  Mr.  Hobbes  had  not  been  desirous  of 
helping  the  race  he  would  never  have  taken  the  very  serious 
risks  that  attended  the  publication  of  his  heterodox  books. 

Shaftesbury's  view  is  that  a  normal  man  will  do  no  wrong 
and  take  none.  His  argument  is  not  against  a  full  measure  of 
selfishness,  but  against  injustice.  The  natural  conclusion  is 
that  a  man  of  sense  claims  his  rights,  and  that  he  who  does 
not  is  "  too  good."  To  be  perfect  is  to  be  well-balanced.  To 
renounce  one's  rights  does  not  seem  right  to  him.  He  makes 
no  distinction  between  the  individual  and  the  state. 

This  grave  fault  in  the  system  has  been  dealt  with  by  Butler 
and  many  others  from  the  ethical  point  of  view.  But  the  defect 
is  just  as  marked  from  the  cesthetic  side}  Shaftesbury  contin- 
ually speaks  of  the  contrasted  affections  without  observing  that 
both  classes  struggle  from  plane  to  plane.  A  man  may  be  un- 
selfish about  food,  clothes,  and  pomp,  precisely  because  he  is 
selfish  about  others  matters,  such  as  scholarship,  or  fame.    A 

^  .(Esthetic  ethics  has  suffered  from  Shaftesbury's  error  regarding 
the  need  of  symmetry  in  individuals  ;  it  must  be  admitted  that  he  was 
wrong  before  a  satisfactory  form  can  result. 
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prophet  or  religious  leader  may  despise  not  only  material,  but 
also  intellectual  rewards  because  of  a  selfish  desire  for  spiritual 
knowledge  and  power,  visions,  prophecies,  ecstacies,  miracles. 
It  is  evident  that  balance  upon  any  of  these  planes  would  give 
an  adequate  and  powerful  ethical  form  so  long  as  the  form  re- 
mained mibroken  by  the  ideas  of  7iew  desires.  But  the  number 
of  such  planes  of  conduct  is  infinite.  A  man  leading  an  intel- 
lectual life  reaches  a  seemingly  satisfactory  form  or  set  of  opin- 
ions about  life,  in  which  his  ideas  and  energies  are  balanced 
and  connected,  and  lead  to  appropriate  actions.  But  a  new 
idea'  rouses  scepticism,  doubt,  hesitation;  thought  and  action 
get  out  of  joint,  and  the  form  is  no  longer  adequate  for  naive 
and  healthy  activity.  Without  these  sceptical  suggestions,  often 
the  promptings  of  ambition,  there  would  be  no  rupture  of  well- 
proportioned  views,  btit  there  would  also  be  no  progress  in  re- 
finement and  expansion  of  ethical  forms.  Shaftesbury,  who  is 
keenly  conscious  that  only  the  pure  spiritual  Anschamnig  is 
the  finally  true  form  (the  "  third  form  "  of  the  Moralists),  often 
fails  to  apply  this  necessary  conception  when  praising  mere  lat- 
eral sy7nmetry  of  afiections.  He  sees  clearly  that  there  are 
three  principal  forms,  material,  mental,  and  '"divine,"  but  he 
has  710  feeling  of  the  broke7i  paths  that  lead  froin  the  07ie  to  the 
other;  no  grasp  of  the  value  of  tlie  co7nparativcly  forniless,  of  the 
process  as  distinguished  from  the  result,  of  the  sprouting  as  dis- 
tinguished from  the  fruit.  Eccentric  affections,  pathos,  tragedy, 
individuality,  sublimity,  are  obscure  to  him.  Yet  his  answer  to 
Hobbes  is  essentially  sound.  His  attitude  is  somewhat  as  fol- 
lows: an  animal  must  be  selfish,  but  it  must  also  be  good  to  its 
own;  man,  as  a  moral  being,  who  rejoices  and  suffers,  thinks 
and  feels,  may  be  selfish,  must  be  selfish,  but  the  really  human 
and  natural  type  must  sympathize  ivith  as  77iuch  as  he  Diakcs 
his  0W71.  If  Hobbes  replies,  yes.  but  the  motive  is  his  own 
good  in  some  sense  at  last,  Shaftesbury  rejoins  that  in  the  re- 
fined  type  the  ideas  of  menm  and  tnimi  fade  into  a  harmony 
through  sympathy,  and  hence,  selfishness,  which  is  essentially 
a  notion  of  opposition,  division,  and  number,  is  completely 
overcome  in  a  sense  of  family  unity.  There  can  be  no  selfish 
element  in  the  contemplation  of  the  universal  beauty  because 
that  state  of  mind  depends  upon  a  sympathetic  identification  of 
the  self  with  the  whole  world. 

Common  sense  is  accordingly  the  conception  of  a  disi7ite7'ested 
huma7iity,  and  this  may  be  described  as  the  form  which  the 
sesthetic  A7ischa7m7ig  assumes  in  social  relations.  This  is 
Shaftesbury's  conception  of  natzcral,  and  gets  strong  support 

^Cf.  Faust  I,  "  Erhalte  dich  und  deineu  Sinn 

In  einem  ganz  beschrankten  Kreise." 
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from  the  consideration  of  the  impartial  attitude  of  the  artistic 
mind  in  general,  as,  for  example,  that  of  Shakespeare,  whose 
interest  in  humanit}'  is  at  once  free  and  intense.  Common  sense 
is  the  knack  of  living  harmoniously  in  relation  to  the  general 
surroundings,  both  material  and  moral,  and  the  great  literary- 
character  possesses  this  quality  in  the  highest  degree,  though 
literary  genius  lacking  in  breadth  is  often  conspicuously  eccen- 
tric. 

§  7.    Proportion  in  Conduct. 

Two  points  are  clear  from  a  general  study  of  Shaftesbury's 
letters:^  (i)  That  his  style  is  more  simple  and  intimate,  less 
rhetorical  than  in  his  essays;  and  (2)  that  he  is  more  severe  in 
his  condemnation  of  sensuality  than  he  thought  wise  to  sa}^  in 
his  published  utterances.^  As  a  result  of  this  greater  sincerity 
we  learn  a  little  more  about  his  ethics.  The  two  chief  points 
regarding  morals,  so  far  as  we  are  concerned  with  his  ethics  in 
this  treatment,  are  (i)  that  he  recommends  to  Ainsworth  as  a 
rule  of  conduct  the  views  of  his  own  system,  and  (2)  that  he 
gathers  the  Nichomachean  doctrine  of  the  mean  into  a  simple 
synoptical  form  in  which  all  cases  of  conduct  are  reduced  to 
four  or  five. 

(1)  His  advice  to  Ainsworth  may  be  summed  up  in  the 
phrase,  "  Seek  for  the  koKov  in  everything  !"  This  advice  is 
given  more  specifically  in  the  following  forms:  (a)  In  philoso- 
phy avoid  extreme  subtlety,  and  imitate  rather  the  popular 
style  and  method  of  Locke;  (b)  In  religion,  be  moderate,  and 
above  all  be  tolerant;  (c)  In  literary  style  be  simple  and  unaf- 
fected; (d)  In  reading  be  broad  and  impartial;  (e)  In  the  con- 
duct of  Hfe  be  neither  a  sensualist  nor  yet  a  too  unpractical 
idealist;  (f)  In  social  relations  be  neither  selfish  nor  lacking  in 
ambition,  (g)  Cultivate  the  body  as  a  means  of  freeing  the 
mind;  (h)  Avoid  public  controversy,  but  seek  all  means  of  self- 
criticism. 

All  this  is  summed  up  in  the  sentence,  "  Dwell  with  honesty, 
and  beauty,  and  order;  stud}-  and  love  what  is  of  this  kind,  and 
in  time  you  will  know  and  love  the  author:"  and  in  another 
place,  '■  Seek  and  find  out  the  true pidchriim,  the  honeshim^  the 
KoXov:  by  which  standard  and  measure  we  may  know  God." 
Carefully  proportioned  striving  is  the  rule  of  culture;  this  is 
beautiful  conduct;  the  perception  of  divine  beauty  lies  at  the 
end  of  this  vista;  this  is  the  highest  good. 

(2)  In  all  his  works  (and  particularly  in  the  8th  letter  of 
this  series)  Shaftesbury  insists  upon  the  sense  of  proportion  as 

^The  private  letters. 

''He  desired  to  influence  the  i8th  century  society,  not  as  a  prophet, 
but  as  a  man  of  the  world. 
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instinctive  or  "  connatural,"  and  not  derived  from  experience. 
He  declares  that  the  approval  of  beautiful  form  comes  from  an 
instinctive  capacit}',  aud  is  not  learned.  Like  Plato  and  Aris- 
totle he  regards  the  form  facult}-  as  the  essential  mental  princi- 
ple. He  admits  that  this  may  remain  imconscious  until  an 
object  is  presented  to  the  senses.  He  does  not,  like  Kant,  attempt 
to  show  the  grades  or  steps  that  lead  from  the  simplest  forms 
in  space  and  time  to  more  complicated  phenomena.  He  is 
interested  not  in  metaphysics  but  in  ethics,  though  his  antago- 
nism to  Locke  sometimes  brings  him  near  to  epistemology. 

Shaftesbury's  idea  of  an  ethical  form  may  be  resolved  into 
five  fundamental  elements:  (i)  Egoism,  (2)  Altruism,  (3)  Sen- 
suality, (4)  Spirituality,  (5)  Proportion.  The  notion  of  pro- 
portion applied  to  a  just  balance  between  selfish  and  unselfish 
afiections,  runs  all  through  his  work.  The  notion  of  balance 
between  the  sensual  and  spiritual  is  found  chiefly  in  these  let- 
ters: (i)  in  the  warnings  against  pleasure,  sloth,  intemper- 
ance and  the  sins  of  the  flesh;  and,  (2)  in  the  warning  that 
there  is  a  sort  of  spiritual  ambition  which  unfits  a  man  for  life, 
and  lacks  reality. 

The  most  remarkable  feature  of  his  work  here  is  that  he 
never  falls  into  the  ethical  fallacy  of  confusing  altruism  with  spir- 
ituality, or  egoisrn  with  sensuality ,  but  takes  these  four  as  cardi- 
nal poiyits  of  his  form.  Altruism  and  egoism  are  two  elemental 
and  equal  forces  in  nature,  they  are  the  forms  which  instinct 
takes  in  the  relations  of  individuals,  and  when  refined  by  ex- 
perience they  combine  again  in  spiritual  power.  When  they 
are  unequal  in  the  individual  the  individual  lacks  balance, 
common  sense,  naturalness,  (a  bitch  that  eats  her  young  is 
"unnatural").  Perfection  requires  two  kinds  of  balance 
which  one  may  designate  as  lateral,  that  is,  between  the  con- 
tending forces  of  the  parallelogram  of  social  forces,  namely, 
egoism  and  altruism,  and  vertical,  that  is  between  the  animal 
appetites  and  the  spiritual  desires.  We  may  connect  this  verti- 
cal balance  with  Plato's  conception  of  the  lower  and  higher 
souls,  and  with  the  Catholic  denunciation  of  such  sins  as  glut- 
tony and  sloth  and  adultery.  But  vertical  balance  is  not  more 
essential  than  lateral  balance,  and  this  conception  aims  at  the 
sins  of  greed  and  ambition,  and  is  the  peculiar  moral  ideal  of 
socialists,  philanthropists,  and  the  poor.  An  ethical  form  re- 
quires, then,  the  unification  through  harmonious  proportion  of 
(i)  the  animal  lusts,  (2)  the  spiritual  aspirations,  (3)  the  self- 
ish, and  (4)  the  unselfish  afiections. 

With  this  simple   conception   of  ethical    form    Shaftesbury 
unites  the  idea  o\  progress  through   labor  and  studj'.     Hence 
his  conception  of  form  leads  to  a  conception  of  forms  on  various 
planes,  the  highest  wheel  touching  the  supersensible  world. 
Journal — 6 
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The  letters  to  Ainsworth  in  no  way  recommend  heroism  or 
martyrdom  as  a  wise  rule  of  life,  but  rather  sense  and  tact. 

§  8.  Proportion  and  Art. 

Shaftesbury  spent  his  last  days  in  Naples.  He  busied  him- 
self chiefly  with  the  study  of  art.  He  made  designs  for  pictures 
which  he  paid  an  artist  to  execute.  Some  of  these  are  en- 
graved in  his  works.  The  Jiidgvient  of  Hercules  is  an  essay  on 
one  of  these.  It  is  coldly  allegorical.  The  didactic  predomi- 
nates over  the  aesthetic  interest,  and  the  piece  is  neither  true 
to  nature  nor  naively  mythological  or  symbolical.  Though  not 
more  distinctly  allegorical  and  moral  than  many  famous  pictures, 
it  quite  lacks  the  fire  and  sincerity  and  technique  that  redeem 
works  like  Diirer's  Melencolia,  and  Hogarth's  Rake' s  P>ogress. 

Shaftesbury's  limitations  in  this  field  do  not  tend  to  prove 
that  a  fine  sense  for  moral  truth  is  not  part  of  the  equipment  of 
a  great  artist,  but  rather  that  such  knoivledge  must  be  carried,  so 
to  speak,  in  the  blood,  and  not  crystallized  into  maxims. 

The  picture  in  question  is  a  kind  of  miniature  of  his  whole 
view  of  life.  Hercules  is  allured  toward  a  pleasant  glade  by 
Venus  and  attracted  toward  a  temple  on  a  hill,  toward  which  a 
steep  road  runs,  by  Minerva.  Sensuality  and  selfishness  draw 
downward  and  backward,  and  are  opposed  by  spiritual  ambi- 
tions and  self-sacrifice.  Yet  Hercules  is  not  less  interesting  to 
humanit}'  because  his  will  is  determined  only  after  a  struggle. 

Art,  as  Shaftesbury  saw  it, was  a  mirror  of  these  great  human 
pa.ssions  and  impulses,  and  beautiful  because  of  the  just  pro- 
portions in  which  each  type  of  character  and  situation  is  re- 
flected. Beauty  to  him  lay  in  the  equilibrium  of  these  warring 
elements.  His  views  had  influence  upon  the  next  generation 
of  painters — the  generation  of  Hogarth,  Gainsborough,  and 
Reynolds. 

Conclusion. 

This  study,  from  an  aesthetic  point  of  view,  leads  in  general  to 
the  submission  of  the  following  estimate  of  the  chief  points  in 
Shaftesbury's  ethics: 

1.  Proportion,  symmetry  and  related  ae.sthetic  notions  are 
applicable  to  moral  phenomena. 

2.  These  aesthetic  notions  depend  upon  the  native  structure 
of  the  mind,  and  constitute  our  moral  sense. 

3.  Virtue  consists  in  preserving  a  due  proportion  in  the 
affections:  it  produces  harmony  and  happiness. 

4.  The  identification  of  selfish  and  social  interests  may  occur 
on  any  of  the  planes  of  culture  between  animal  and  spiritual 
life. 

5.  The  highest  good  is  harmony  on  the  highest  plane  of  cul- 
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ture,  consists  in  a  pure  enjoyment  of  the  beauty  of  all  nature, 
and  demands  stoical  perfection. 

6.  The  highest  beauty  is  sublime  and  beautiful  at  once. 

7.  Evil  may  be  seen  to  be  imaginary  by  a  retreat  of  the  con- 
sciousness into  the  place  of  an  aesthetic  bystander. 

8.  Enthusiasm  is  genius  or  fanaticism  according  to  its  pro- 
portions. 

9.  '*  Natural  "  means  symmetrical  in  relation  to  egoism  and 
altruism,  on  whatever  level  of  culture.  Common-sense  is 
nature  on  a  middle  level. 

10.  Literature  demands  self-knowledge  through  observation 
and  sj^mpath}'. 

11.  The  beauty  of  art  depends  on  a  harmonious  equilibrium 
of  contradictory  (moral)  elements. 

The  striking  defect  of  Shaftesbury'' s  exoteric  ethics  is  not  any 
exaggeration  of  the  value  of  aesthetic  form,  but  a  lack  of  rec- 
ognition of  those  evolutionary  activities  which  oppose  form  and 
destroy  harmony  on  one  level  to  lead  to  form  and  harmony  on 
a  higher  level:  as,  in  art  and  literature,  tragic  earnestness  at- 
tacking unsolved  problems  of  conduct  and  fate;  in  religion,  a 
certain  fanaticism;  in  morality,  self-sacrifice;  in  learning,  spe- 
cialism; in  conduct,  martyrdom;  and,  in  general,  eccentric  and 
solitary'  activities.  He  understood  adequate  but  not  provisiotial 
forms. 
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Chapter  I.     Problem  and  Methods. 
§  I.     Problem  Stated  and  Defined. 

One  of  the  most  recent  writers  on  rhythm^  has  affirmed  that 
"  Es  gibt  keinen  schlechten  Rhythmus."  In  other  words,  the 
perception  of  rhythm  is  present  in  completeness  or  vanishes  en- 
tirely. This  appears  to  be  the  opinion  of  the  majority  who 
have  discussed  rhythm, — either  actually  expressed,  or  im- 
plicit in  their  general  presuppositions.  But  are  there  not  well 
marked  stages  of  relative  perfection  and  complexity  in  the 
perception  and  production  of  rhythm  ? 

The  present  Study  is  an  investigation  of  this  question  with 
respect  to  one  field  of  motor  rhythm,  that  of  rhythmical  speech. 
Are  all  rhythmical  forms  equally  simple  psychologically;  can 
the  trochee  and  iambus,  for  instance,  be  regarded  as  equally  diffi- 
cult ?  Moreover,  is  any  one  verse- form  constant  and  unaltera- 
ble in  structure;  does  it  not  also  show  different  degrees  of  com- 
pleteness and  unitariness?  E.  g.,  is  the  dactyl  as  produced  by 
the  young  child  as  complex  in  structure  as  that  produced  by 
an  older  child;  do  the  same  objective  variants  appear  in  both 
cases;  and  do  they  bear  the  same  relations  to  each  other  ?  Or, 
again,  to  put  the  question  more  concisely;  can  a  correlation  be 
made  out  between  growth  in  complexity  of  the  rhythmical  form 
produced  and  mental  grasp  the  producing  subject  ? 

There  has  been  no  attempt  in  what  follows  to  bring  the  stages 
of  this  progressive  growth  in  complexity  of  structure  into  con- 
nection with  the  history  of  the  different  metrical  forms;  for,  in 
the  first  place,  psychology  has  no  concern  with  metrical  ques- 
tions as  such;  and,  secondly,  we  have  no  more  right  to  argue 
from  the  present  ps3'chological  data  back  to  an  hypothetical 
past  consciovisness,  than  from  that  past  to  the  present.  Factors 
unknown  to  the  present  consciousness  were  undoubtedly  effect- 
ive in  the  past;  and  such  factors  would  naturally  vitiate  any 
deductions  drawn. 

In  the  investigation  of  our  main  problem  other  questions 
arose,  which  seemed  to  demand  special  attention.  These  have 
been  separately  treated.  They  are:  (i)  the  nature  of  pitch  as 
an  objective  determinant  of  rhythm;  its  direction  and  con- 
stancy as  compared  with  that  of  the  temporal  and  intensive 
factors;  (2)  the  relation  of  breathing  to  the  spoken  rhythm; 
(3)  the  conditions  under  which  concomitant  movements  appear; 
and  (4)  the  influence  of  chorus  reading  upon  tempo, — a  com- 
parison of  chorus-time  with  the  average  times  of  the  individuals. 

The  present  Study  cannot  be  termed  genetic  in  accordance 

1  Rhythmus  und  Arbeit,  Margaret  Kiever  Smith.  Phil.  Stud.,  XVI,  p. 
292. 
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with  the  usual  signification  of  that  term,  which  emphasizes  the 
concept  of  origins.  But  it  is  genetic  in  a  secondar}^  or  derived 
sense;  for  it  seeks  to  determine  the  essential  constituents  of 
rhythm,  and  the  variations  they  undergo  in  the  development 
of  the  more  complex  from  the  simpler  forms. 

The  genetic  theories  have  been  chiefly  concerned  to  explain 
the  origin  of  rhythm.  They  have  been  content,  as  Meumann^ 
justly  says,  to  furnish  an  opportunity  for  the  entrance  of  the 
rhythmic  consciousness,  but  have  made  no  attempt  to  analyze 
the  psychological  and  physiological  mechanism  of  this  con- 
sciousness; all  this  they  have  taken  for  granted. 

Such  theories  have,  as  a  rule,  relegated  the  working  of  the 
causal  principle  to  the  remote  past.  Hence  they  are  not  onlj' 
safelj'  entrenched  against  the  criticism  which  experimental  and 
introspective  facts  might  seem  to  warrant;  but  they  are  also 
unable  to  appeal  to  introspection  or  experiment  for  support. 
Consequently,  genetic  theories  of  this  type  must  depend  upon 
historical  data  for  their  verification.  Even  when  connected 
with  metrical  investigations  they  can  never  have  greater  weight 
than  that  which  is  accorded  to  speculative  hypothesis.  Even 
the  recent  interesting  investigation  of  Biicher  has  the  defects 
common  to  genetic  theories"^  of  the  type  mentioned. 

The  genetic  method,  as  it  is  here  used,  has  its  chief  value  in 
the  solution  of  the  problems  offered  bj^  the  psychological  com- 
plexes themselves.  Rhythm,  for  the  adult  consciousness,  is  so 
interwoven  with  associations  of  all  sorts;  is  such  an  unitary' 
and  unanalyzable  experience  ;  that  it  is  well  nigh  impossible  to 
disentangle  the  essential  from  the  non-essential  constituents. 
But  we  can  hope,  through  a  judicious  use  of  the  genetic  method, 
to  reach  a  more  satisfactory  analysis  of  the  objective  constitu- 
ents,— temporal,  intensive  and  qualitative — and  of  their  rela- 
tions to  each  other;  b}^  correlating  these  with  increase  in  ability 
to  attend  and  to  apperceive  we  can  also  hope  to  show  more 
clearly  the  intrinsic  nature  of  rhythm. 

The  danger  of  false  interpretation  of  such  data  is  greater 
than  it  is  in  the  case  of  adult  psychology.  This  is  due  to  the 
tendency  of  all  observers  to  read  their  own  experience  into  the 
observed  phenomena.  The  experience  of  an  observer  is  natu- 
rall}'  farther  removed  from  the  child's  than  from  that  of  another 
adult.  Neither  can  observations  in  this  case  be  verified  b}'  the 
introspective  report  of  the  subject,  as  in  the  problems  of  adult 
psychology.  But  with  carefully  collected  data,  and  conserva- 
tive interpretation,  the  danger  can,  we  think,  be  reduced   to   a 

1  Untersuchungenzur  Psych,  u.  ^EsthetikdesRhythmus,  Phil.  Stud., 
X.  p.  252. 

2  Arbeit  und  Rhythmus,  Zweite  Aufl.,  Leipzig,  1899. 
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minimum.  The  investigation  of  Bolton^  sought  in  another 
way,  /.  e.,  by  the  study  of  subjective  rhythmisation,  to  reduce 
the  problem  of  the  psychological  constituents  of  rhythm  to  its 
simplest  terms.  While  this  method  gives  us  the  simplest  con- 
ditions under  which  grouping  may  occur,  it  cannot  show  the 
relation  of  the  simple  or  subjectively  conditioned  rhythm  to  the 
more  complex  and  objectiveh-  conditioned. 

§2.     Method. 

The  age  of  the  subjects — children  of  the  first,  fourth  and 
seventh  grades — determined  the  method.  It  was  necessarily 
objective, — a  study  of  their  ability  to  produce  the  different 
rhythmical  forms. 

Those  who  have  worked  with  children  kuow  that  the  normal  child 
is  incapable  of  introspection.  Even  if  an  occasional  child  might  be 
able  to  give  introspective  data,  these  would  have  slight  scientific  value; 
for  ever)-  sign  is  caught  at,  as  a  suggestion  in  accordance  with  which 
a  report  may  be  given.  The  answers  returned  to  the  simple  ques- 
tion of  '  what  form  pleased  them  most  '  were  contradictory  in  so  many 
cases,  that  from  the  answers  given  by  sixty  children  at  several  differ- 
ent readings  not  enough  reliable  material  was  obtained  to  base  a 
single  conclusion  upon. 

The  investigation  has  been  confined  to  the  spoken  rhythm. 
It  was  desired  later  to  test  children  of  the  same  age  on  the 
ability  to  tap  the  same  forms.  The  time,  however,  failed  for 
this,  except  in  the  case  of  several  particularly  unrhythmical  sub- 
jects. Thus  a  satisfactory  comparison  of  the  two  forms  of  motor 
rhythm,  which  would  be  highly  desirable,  cannot  be  made. 
The  experiment  was  performed  in  two  ways,  (i)  A  successive 
number  of  readings  were  given  by  a  comparatively  large  number 
of  children.  An  analysis  was  made  by  the  experimenter  dur- 
ing and  immediately  after  the  production  of  each  form.  (2) 
The  same  forms  were  given  by  three  children;  a  girl  of  seven, 
and  two  boys  of  nine  and  eleven  respectively,  and  the  Rousse- 
lot  microphone  was  used  for  analysis.  The  first  series  of  tests 
was  made  on  both  German  and  American  children;  the  second 
on  American  alone. 

Method  I.  The  children  serving  as  subjects  were  taken  from 
the  Zentral-Schule  and  Sanderschule  of  Wuerzburg,  and  the 
Central  and  Grammar  Schools  of  Ithaca.  They  were  on  the 
whole  normal  children,  neither  exceptionally  bright  nor  ex- 
ceptionally dull.  The  teachers  were  requested  to  select  five 
boys  and  five  girls  from  each  of  the  three  grades  before  men- 
tioned. They  were  to  give,  in  their  selection,  as  great  variety 
of  temperament  as  their  school  afforded,  —  the  plodding  and 
faithful  student  as  well  as  the  careless  and  listless, — but  were 

^Rhythm,  Afner.Joiir.  of  Psych.,  VI. 
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to  except  anj^  who  might  be  abnormally  dull.  By  such  selec- 
tion we  hoped  to  obtain  results  that  might  serve  as  typical. 
The  children  entered  into  the  experiment  with  a  zest  that  had 
hardly  been  expected.  The  syllable  mi  for  the  German  chil- 
dren, mc  for  the  Engli.sh,  was  written  in  five  lines  of  six  sylla- 
bles each;  care  was  taken  to  keep  the  syllables  of  the  same  line 
equidistant.  The  experiment  was  carried  on  in  a  room  separa- 
ted from  the  class  room.  The  children  were  admitted  singly, 
in  order  to  avoid  the  influence  of  one  upon  another.  They 
stood  during  the  experiment;  the  paper  being  placed  so  that, 
as  the  child  stood  in  a  comfortable  position  for  reading,  he  was 
also  in  a  good  position  for  the  experimenter  to  note  all  con- 
comitant movements.  A  position  directly  at  the  side  of  the 
experimenter  was  found  to  be  the  most  favorable.  The  chil- 
dren were  first  requested  to  read  the  lines  in  the  manner  that 
seemed  most  natural  to  them.  The  purpose  of  the  free  read- 
ing was  to  determine  whether  on  the  motor  side  a  subjective 
grouping  would  appear  such  as  that  already  noted  by  Bolton^ 
on  the  sensory;  and,  if  so,  under  what  conditions.  Miss 
Smith^  has  since  noted  such  grouping  in  her  investigation  at 
Zurich:  the  present  investigation  was  begun  before  this  appeared. 
The  children  were  later  asked  to  emphasize  particular  sylla- 
bles, thus  throwing  the  whole  into  certain  rhythmical  patterns. 
Every  expression  which  might  influence  them  as  to  the  man- 
ner of  emphasis  was  carefully  avoided,  as  one  of  the  questions 
to  be  investigated  was  the  nature  of  emphasis  or  accent  and  its 
psychological  meaning.  The  forms  required  were  (a)  the  first 
emphasized;  then  every  other  one;  (Z")  the  second,  then  every 
other  one;  (r)  the  first,  and  every  third  following;  i^d)  the 
third,  and  every  third  following  that.  The  order  in  which 
these  directions  were  given  was  continually  varied,  in  order  to 
avoid  the  favoring  by  practice  of  any  one  or  more  forms.  The 
time,  intensity  and  qualitative  differences  were  noted  by  the 
experimenter,  together  with  any  other  facts,  such  as  move- 
ment or  breathing,  which  might  bear  upon  the  investigation 
as  a  whole;  and  the  time  occupied  by  the  reading  of  the  series 
of  thirty  syllables  was  taken  with  a  stop-watch.  A  single  syl- 
lable was  repeated,  in  order  to  get  material  which  was  not  al- 
ready rhythmically  ordered,  as  we  desired  to  find  what  must 
be  added  to  a  series  of  disconnected  sensations  in  order  to  make 

1  Op.  cit.,  pp.  203  ff. 

"^Op.cit.,  p.  282.  "  Es  giebt  also  ebenso  eiiien  Zwang  zu  motor- 
ischer  Rhythmisirung  fortgesetzter  Bewegungen  wie  zum  subjectiven 
Rhythmisireu  von  Schalleiudriicken  die  in  gleichen  kurzen  Zeiten 
aufeinanderfolgen."  In  one  case,  where  the  subject  failed  to  raise  the 
weights  regularly,  there  was  no  perception  of  rhythm.  Subjects  when 
asked  to  read  staccato  broke  the  series  into  groups  of  four  or  six 
syllables. 
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it  a  rhythmical  whole  as  well  as  to  see  if  any  oue  form  of 
grouping  appeared  more  frequently  than  others.  Consequently, 
words  which  already  possess  a  primary  rhythm,  and  verse  with 
its  complicated  rhythms,  could  not  be  used.  It  was  also  nec- 
essary to  employ  the  same  syllable,  in  order  to  avoid  all 
inequalities  in  the  articulation. 

It  might  be  objected  that  deductions  cannot  be  made  from 
the  grouping  of  such  material  as  this  to  the  grouping  of  verse. 
To  this  it  may  be  replied  that,  in  so  far  as  the  primary  rhythm 
governs  verse,  the  same  principles  hold  as  in  the  grouping  of 
these  simple  meaningless  elements.  It  is  the  modifications  in- 
troduced by  what  Sidney  Lanier^  terms  secondary  and  tertiary 
rhythm,  i.  e.,  the  rhythms  of  word-accent  and  thought,  that 
change  the  primary  rhythm,  giving  verse  its  special  beauty 
and  flexibility.  Moreover,  in  the  experiment  with  the  Ameri- 
can children  of  the  fourth  and  seventh  grades,  the  syllables 
were  frequentlj^  involuntarily  modified  so  as  to  read  meet  me, 
me,  or  meet  me,  thus  introducing  a  secondary  rhythm. 

Method  II.  From  the  American  children,  subjects  were 
chosen  who  had  taken  part  in  the  previous  experiment.  The 
method  was  modified  by  using  the  Rousselot  microphone.  The 
record  of  the  rhythm  was  traced  on  the  drum  of  a  Ludwig- 
Baltzar  kymograph;  synchronously  a  breathing  curve  was  reg- 
istered. For  this  the  Harvard  pneumograph,  adjusted  around 
the  chest,  was  connected  with  a  Marey  tambour.  The  time 
was  marked  in  fifths  of  a  second  by  a  Jaquet  chronometer.  The 
Rousselot  microphone  consists  of  a  metallic  mouthpiece  con- 
nected by  a  rubber  tube  with  a  cylindrical  metallic  box  in 
which  three  carbon  tips  are  suspended.  The  adjustment  is 
made  by  means  of  a  screw  at  the  end  of  the  box  opposite  the 
junction  with  the  tube.  The  screw,  through  its  connection  with 
a  metallic  spring  to  which  one  of  the  carbon  tips  is  attached, 
regulates  the  distance  between  the  tips.  The  wires  connecting 
the  tips  with  the  electrical  circuit  enter  through  the  top  of  the 
box.  In  the  same  circuit  is  a  small  electro-magnet,  above 
which  is  a  drumhead  of  goldbeater's  skin,  to  which  is  attached 
a  writing  point.  The  changes  in  the  current  of  air  entering 
through  the  tube  make  and  break  the  current.  The  intensity 
of  the  sound  is  indicated  by  the  amplitude  of  vibration  of  the 
writing  point;  the  pitch  by  the  number  of  vibrations  in  a  given 
unit  of  time;  the  duration  of  syllables  and  pauses  by  the  length 
of  the  records  and  the  length  of  the  intervals.  It  was  found 
necessary  to  use  a  more  explosive  syllable  than  me,  and  be  was 
substituted  as  being  nearly  equal  in  time.  The  microphone  re- 
sponded  with  the  greatest  precision  when   the   level    of  the 

iThe  Science  of  English  Verse,  N.  Y.,  1888. 
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mouthpiece  was  slightl}-  below  the  mouth  of  the  child.  The 
children  stood  as  before.  The  number  of  syllables  was  not  lim- 
ited, as  in  the  previous  experiment.  All  of  the  involuntary 
series  were  taken  first,  then  the  complex  groupings  in  varied 
orders.  Though  the  microphone  responded  as  readily  as  could 
be  expected,  the  restrictions  of  position,  etc.,  decreased  the 
child's  sense  of  freedom;  concomiiant  movements  were  very 
seldom  marked,  while  none  of  the  zest  that  had  been  shown  in 
the  previous  experiment  was  observed.  Each  method  had  its 
peculiar  advantages  and  disadvantages.  The  chief  advantage 
of  the  second  was  that  it  furnished  an  accurate  record  of  the 
rhythm  as  it  was  given.  The  disadvantages  were  that  with 
fewer  children  there  was  less  variety  in  form,  and  that  indi- 
vidual characteristics  might  easily  be  confused  with  general. 
The  feeling  of  restraint  that  attended  the  use  of  the  microphone 
could  not  be  eliminated,  and  militated  against  a  natural  group- 
ing. The  experiment  was  regarded  as  a  task,  while  in  the  earlier 
experiment  the  children  gave  themselves  up  freely  to  the  swing 
of  the  rhythm.  As  already  shown,  the  first  method  had  the 
advantages  of  a  freer  rendering  on  the  part  of  the  children  and 
greater  possibilities  for  variety  in  form;  its  disadvantage  was 
that,  as  we  possessed  no  objective  control,  there  was  liability 
of  error  in  the  analysis  of  the  experimenter.  But  this  liabilitj' 
to  error  in  analysis  was  counterbalanced,  in  a  measure  at  least, 
by  the  facts  that  for  many  of  the  series  two  experimenters  were 
present,  and  that  a  large  number  of  observations  were  made. 
The  second  method,  then,  can  be  considered  as  a  control  of  or 
check  upon  the  first. 

Chapter  II.  Results. 
§  I.  Involuyitary  Grouping. 
Results  fi^om  Method  I.  The  series  were  .separated  by  inter- 
vals of  a  week.  The  first  series  were  given  before  the  children 
had  learned  the  complex  forms;  but  the  practice  of  the  pre- 
vious week  had  doubtless  some  influence  upon  the  succeeding 
series;  this  reached  its  height  in  the  third  series.  Later,  proba- 
bly because  of  the  monotony  of  the  work,  there  was  a  return 
to  the  simpler  forms  of  the  first  .series.  The  order  of  succes- 
sion, regularity  or  irregularity  in  the  occurrence  of  a  pause,  is 
the  primary'  objective  determinant.  A  four  group  form  divided 
into  twos  occurred  twice  ;  and  a  -  -  i  k  m  m  ^^^  noted  once  ; 
otherwise,  with  the  exception  l  I  11111  that  the  end  of 
the  line  was  frequently  marked  by  a  longer  pause  and  a  falling 
voice,  the  three-grouping  was  the  largest  observed.  We  will 
note  first  those  ca.ses,  in  which  the  syllables  varied  neither  in 
time,  intensity  nor  pitch,  although  differentiated  by  the  regu- 
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lar  or  irregular  occurrence  of  a  pause.  The  results  can  be  tab- 
ulated under  four  rubrics:  (a)  no  observable  regularity  in  the 
occurrence  of  a  pause ;  (d)  pauses  after  each  syllable  of  equal 
duration;  (c)  pause  after  every  second  syllable  noticeably  longer 
than  the  intervening ;  (d)  the  longest  pause  after  every  third 
syllable. 

Table  I. 


Irregular 
pauses. 

After  each 
syHable. 

1 

After  every 
2nd. 

After  every 
3rd. 

u 

O 

> 

u 

0 

> 

c 

M 

0 

> 

0 

>-< 

> 
0 

U 
0 

> 

0 

> 

U 

0 

0 

> 
0 

> 

5 

2 

4 

6 

9 

3 

9 

0 

2 

2 

0 

0 

0 

G.B. 
G.  G. 
A.  B. 
A.  G. 

19 
2 

18 
3 

23 
5 

19 
2 

18 

0 

22 

0 

19 
0 

18 
I 

22 
23 

19 
0 

18 

0 

23 
0 

15 

3 

20 
5 

25 
0 

15 
3 

20 
6 

25 
2 

15 

7 

20 
2 

25 
2 

15 
I 

20 

I 

25 
0 

22 
4 

22 

I 

18 
0 

1 
22 

0 

V2 

22 

4 

18 
3 

22 
6 

22 

7 

18 
5 

22 

I 

22 
3 

18 
I 

22 

22 

19 

22 

19 

22 

22 

22 

22 

22  1  19 

G.  B.  indicates  German  boys,  G.  G.  German  girls,  A.  B.  American 
boys,  A.  G.  American  girls.  It  was  impossible  to  obtain  exactly  the 
same  number  of  readings  from  each  class  ;  for,  on  the  appointed  day, 
one  or  even  two  of  the  live  children  might  be  absent,  and  nothing  re- 
mained but  to  proceed  with  the  experiment:  hence  the  results  are 
given  in  fractional  form,  the  numerator  representing  the  number  of 
occurrences,  the  denominator  the  total  number  of  readings. 

In  the  first  case  all  perception  of  rhythm  failed,  although 
the  rate  of  reading  was  sufficiently  rapid  for  rhythmical  group- 
ing to  have  occurred.  The  irregular  cases  are  distributed 
through  all  the  five  series.  Had  the  irregularities  been  due  to  a 
difficulty  in  the  articulation  of  the  syllables,  we  should  natur- 
ally expect  that  practice  would  cause  its  disappearance  in  the 
later  series.  Another  peculiar  fact  is  that  the  number  of  ir- 
regular cases  is  greater  among  the  upper  grades  of  the  German 
children  than  among  the  lower.  This,  in  the  light  of  the  fact 
that  movements  regularly  repeated  tend  to  become  automatic, 
would  seem  to  show  that  the  irregularities  in  this  case  cannot 
be  explained  on  the  ground  of  irregularities  in  motor  adjust- 
ment.    The  most  plausible  explanation  is  that   the  series  did 
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not  possess  suflScient  interest  to  hold  the  attention,  and  that 
the  irregularities  in  the  rhythm  were  due  to  the  irregular  pulses 
of  attention. 

In  case  (d)  we  have  what  Miss  Smith  terms  "  einfachen  "  or 
"  Urrhythmus."  "  Es  ist  keine  Frage  dass  auch  in  der  blossen 
Aneinanderreihung  von  voUig  gleichbetonten  Silbeu,  zwischen 
denen  keinerlei  Gruppirung  mehr  hergestellt  wird,  ein  Rhyth- 
mus  liegen  kann.  Ebenso  kann  eine  Zeile  eines  Liedes  in  lauter 
ganz  gleichen  Noten  voranschreiten,  und  doch  rhythmisch 
sein,  Diesen  Fall  bezeichnet  die  Verfasserin  als  einfachen 
Oder  Urrhythmus. "^  This  Lanier  calls  "  primar>^  rhythm."^ 
"  If  equal  or  simply  proportioned  intervals  of  time  be  marked 
off  to  any  of  our  senses  by  any  recurrent  series  of  similar 
events,  we  may  be  said  to  perceive  a  primary  rhythm  through 
that  sense."  "  But  this  primary  rhythm  may  be  considered  a 
sort  of  primordial  material,  which  the  rhythmic  sense  of  man 
always  tends  to  mould  into  a  more  definite,  more  strongly 
marked,  and  more  complex  form  that  may  well  be  called  sec- 
ondary rhythm." 

There  is  no  apparent  correlation  between  age  and  the  ap- 
pearance of  this  form  in  the  free  reading.  The  cases  are  fairly 
equally  distributed  among  the  grades.  The  pronunciation  of 
each  syllable  was  frequently  accompanied  by  a  forward  move- 
ment of  the  head  or  of  the  whole  trunk.  With  the  first  grade 
children,  when  attempting  to  produce  an  anapaestic  or  dac- 
tylic form,  a  lapse  into  the  primary  or  uncompounded  rhythm 
was  often  noted.  A  frequent  peculiarit}'  of  such  cases  was  a 
regularly  recurring  pitch,  time,  or  intensive  difference,  together 
with  pau.ses  of  equal  duration  at  the  end  of  each  syllable. 
It  was  doubtless  due  to  a  breaking  down  of  the  complex 
group  in  which  certain  characteristics  of  the  complex  form 
were  still  retained.  These  cases  throw  light  on  the  mental 
processes  underlying  rhythm.  The  most  plausible  explana- 
tion of  the  phenomenon  seems  to  be  that  one  wave  of  atten- 
tion did  not  take  in  the  total  group,  so  that  each  single  syllable 
was  the  object  of  one  act  of  attention.  Although  the  different 
syllables  were  still  compared  as  to  time,  intensity,  etc.,  it  was 
a  mediated  comparison  of  the  same  nature  as  that  performed 
by  the  adult  in  his  comparison  of  the  several  groups  of  a  long 
series.  This  transition  from  immediate  to  mediate  comparison 
could  have  been  brought  about  either  by  the  slow  rate  of  suc- 
cession, or  by  the  too  great  span  of  the  group  as  to  number,  or 
by  the  intrinsic  difiiculty  of  making   a   comparison;   any  one  of 

1  Op.  cit.,  p.  198. 

2  Op.  cit.,  p.  62. 
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these  three  factors  would  have  brought  about  the  result.  Wundt' 
denies  that  this  alternate  series  of  syllable  and  pause,  movement 
and  rest,  attention  and  inattention constitutesarhythm.  "  Gleiche 
Eindruecke  in  gleichen  Pausen  staltfindend  wirken  ermuedend, 
aber  niemals  rhythmisch.  Uamit  ein  aesthetisches  Gefallen 
entstehe,  mnessen  mindestenszwei  verschiedene  Eindriicke,  He- 
bung  und  Senkung  des  Klangs,  wie  in  2/8  Takt,  in  regelniaes- 
sigem  Wechsel  einander  folgen,  mag  nun  dieser  Wechsel  durch 
die  Eindriicke  selbst  oder  bloss  durch  die  subjective  Betonung 
erzeugt  werden."  In  this  passage,  the  term  'rhythmical' 
clearly  connotes  capability  of  arousing  an  aesthetic  feeling. 
This  seems  to  be  an  unwarrantable  limitation  of  meaning.  If 
aesthetic  value  is  to  be  made  a  criterion  of  rhythm,  then  fre- 
quently the  complex  forms  must  be  regarded  as  unrhythmical; 
for  there  are  not  a  few  instances  in  our  own  experiments,  as 
well  as  in  those  of  others,  in  which  a  form  possessing  all  the 
objective  marks  of  a  highly  complex  rhythm  and  evidently 
perceived  as  such  was  either  subjectively  indifferent  or  posi- 
tively unpleasant.  The  feeling  of  aesthetic  pleasure  is  too  sub- 
jective a  criterion  to  apply  to  such  an  objective  and  universal 
fact  as  that  of  rhythm.  In  the  present  paper,  rhythm  is  used 
to  cover  all  cases  of  regularly  recurring  impressions  derived 
from  the  modalities  of  audition  and  movement. 

The  first  step  toward  an  unification  of  the  separate  impres- 
sions is  that  noted  in  cases  (c)  and  (d).  Here  two  or  three 
syllables  of  equal  duration,  pitch  and  intensity,  are  separated 
from  those  following  by  intervals  noticeably  longer  than  the 
intervals  between  the  given  syllables.  This  form  was  charac- 
teristic of  the  free  reading  of  the  seventh  grade  boy  by  Method 
II;  c/.  record  for  Charles,  Method  II,  involuntary  grouping.  It 
scarcely  appeared  in  the  reading  of  the  German  children.  When 
there  was  a  rhythm,  there  was  generally  a  subordination  of  one 
syllable  to  another,  by  means  of  pitch,  intensity,  time,  or  a 
combination  of  these.  The  form  .shown  in  case  (d)  was  far  less 
frequent  than  that  of  case  (c).  Many  of  Bolton's^  subjects 
found  difficulty  in  throwing  auditory  sensations  into  groups  of 
three;  our  own  (cf.  results  on  pitch)  never  grouped  in  threes  un- 
less there  was  an  objective  ground  for  so  doing.  The  form  shown 
in  ca.se  (c)  frequently  resulted  when  the  younger  children  at- 
tempted to  give  the  more  complex  rhythms.  This  form  was 
also  characteristic  of  the  free  readings  of  the  two  negro  chil- 
dren, a  boy  of  the  first  and  a  girl  of  the  fourth  grade.  For  the 
hearer,  their  reading  was  very  rhythmical.     The  time  values 

^Grundziige  der  physiologischen  Psychologic,  4e  Aufl.,  1893,  II,  p. 

237- 

^  op.  ciL,  p.  216. 
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for  these  series  were  greater  than  those  for  the  irregular  and 
the  primary  forms.  We  may  presume,  then,  that  the  syllables 
were  given  their  original  length,  and  that  the  interval  between 
successive  pairs  was  considerably  lengthened.  One  wave  of 
attention  could  compass  the  group,  and  no  attempt  was  made 
to  compare  syllable  with  syllable.  These  results  do  not  tally 
with  the  generally  accepted  rule  for  the  subjective  grouping  of 
auditory  sensations,  which  affirms  that  there  is  no  tendency  to 
group  successive  sounds  until  some  one  is  heard  as  more  inten- 
sive than  the  others.  Have  we  here  a  purelj'  physiological 
phenomenon,  which  has  no  parallel  in  sensation;  in  other 
words,  is  such  a  vSeries  perceived  as  rhythm,  or  is  there  merely 
a  rhythm  in  the  motor  mechanism  ?  The  result  might  have 
been  the  outward  expression  of  the  natural  breathing  rhythm, 
the  expiration  lasting  during  the  two  syllables  and  the  inter- 
vening pause;  but  such  a  curve,  as  will  be  seen  in  the  discus- 
sion of  breathing,  is  not  the  normal  rhythm  of  respiration. 
There  is  another  possible  explanation.  It  is  that,  although  the 
syllables  presented  equal  difiiculties  for  the  organs  of  articula- 
tion, etc.,  and  there  was  nothing  in  the  nature  of  the  syllables 
themselves  or  the  child's  attitude  towards  them  to  raise  one  in 
importance  above  another,  there  was,  nevertheless,  a  tendency 
present  towards  the  unification  of  the  large  number  of  separate 
syllables,  by  their  division  into  a  number  of  smaller  groups. 
Several  syllables  fell  within  one  pulse  of  attention,  and  the 
pause  which  corresponded  to  the  zero-point  of  the  attention 
wave  was  consequently  longer  than  the  intervening  pause.  Meu- 
mann  and  Bolton  dealt  only  with  the  grouping  of  auditory  sen- 
sations. Doubtless  in  that  fact  is  to  be  found  a  partial  expla- 
nation of  the  disagreement  in  results;  still  ((/'.  the  section  on 
pitch)  subjects  frequently  broke  up  series  of  equal  sounds  into 
groups  of  two,  four,  six,  eight,  etc.,  syllables,  without  giving 
any  one  more  intensity,  duration  or  pitch  than  other.  There 
was,  according  to  their  statement,  no  recurring  intensive  dif- 
ference to  cause  the  grouping  for  the  perceiving  subjects. 
These  cases  were  interspersed  among  series  that  differed  objec- 
tively. The  conditions  here  would  seem,  then,  to  be  more  fav- 
orable for  a  correct  analysis  of  the  perception  of  rhythm  than 
they  were  in  the  experiments  of  Bolton.  For  here  the  series 
which  had  no  objective  mark  of  difference  lost  in  subjective 
intensity  in  contrast  with  objectively  conditioned  rhythm.^ 

The  breaking  up  of  the  series  of  separate  impressions  into 
groups  of  two  or  three  equally  accented  sjdlables  was  an  ad- 

^One  of  Miss  Smith's  subjects  found  in  learning  nonsense  syllables 
that  "  der  Rhythmus  der  Betonung  spielte  keine  so  grosse  Rolle  wie 
Gruppirung  oder  Theilungen."     See  op.  cit.,  p.  256. 
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vance  upon  the  primary  rhythm;  but  the  group  lacked  unity. 
The  manner  in  which  a  closer  grouping  was  effected  varied 
with  the  individuals,  and  there  were  also  indications  of  race 
diflference;  but  regular  temporal,  intensive,  and  qualitative 
variations  were  the  objective  factors.  The  longer,  higher  and 
louder  tones  occurred  together  or  were  used  interchangeably. 
Meumann  discusses  the  interchangeability  of  time  and  inten- 
sity in  the  estimation  of  time  intervals  under  the  principle  of 
"  Stellvertretung."^  The  accent,  intensive,  temporal  or  quali- 
tative, was  given  as  shown  in  the  Table.  Accent  is  used 
throughout  as  synonymous  with  empha.sis,  and  is  not  restricted 
to  increase  in  intensity. 

Table  II. 


Qualitative. 

Intensive. 

Temporal. 

Gr.  I. 

Gr.  IV.  Gr.VII. 

Gr.  I. 

Gr.  IV. 

Gr.VII. 

Gr.  I. 

Gr.  IV. 

Gr.VII. 

6 

9 

3 

0 

2 

I 

I 

I 

2 

G.B., 

19 

18 

23 

19 

18 

23 

19 

18 

23 

10 

16 

15 

0 

5 

5 

0 

6 

6 

G.G. 

1 

15 

20 

25 

15 

20 

25 

15 

20 

25 

2 

3 

2 

3 

7 

6 

5 

5 

5 

A.  B. 

22 

22 

18 

22 

22 

18 

22 

22 

18 

5 

2 

I 

3 

6 

5 

4 

4 

5 

A.G. 

22 

22 

19 

22 

22 

19 

22 

22     1     19 

G.  B.  indicates  German  boys,  G.  G.  German  girls,  A.  B.  American 
boys,  A.  G.  American  girls.  The  numerators  give  the  number  of 
occurrences,  the  denominators  the  total  number  of  readings. 

The  most  noticeable  fact  shown  by  the  Table  is  the  greater 
number  of  cases  of  qualitative  accent  among  the  German  chil- 
dren. The  pitch  intervals  were  also  as  a  rule  greater  than 
with  the  American  children.  The  number  of  accented  read- 
ings, intensive,  temporal  and  qualitative,  was  greater  among 
the  German  girls  than  among  the  German  boys.  Both  Ameri- 
can boys  and  girls  of  the  seventh  grade  gave  accented  readings 
more  frequentl}'  than  the  German  boys  of  the  same  grade. 
There  were  a  greater  number  of  irregular  readings  given  by  the 
German  boys  of  the  seventh  grade  than  by  the  younger  children. 


^  Beitrage  zur  Psychologic  des  Zeitbewusstseins.  Phil.  Stud.,  IX,  pp. 
303  ff- 
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C/.with  this  result,  Table  I,  above.  There  seems  to  be  a  curious 
contradiction  here.  Other  things  being  equal,  the  irregular 
readings  disappeared  with  increased  age,  and  one  might  rea- 
sonably expect  to  find  an  increased  tendency  to  accented 
grouping  among  the  older  boys;  but  the  explanation  given  in 
the  account  of  irregular  readings  doubtless  holds  here. 

It  is  a  question  how  much  a  conscious  imitation  of  the  com- 
plex forms  had  to  do  with  the  manner  of  free  reading.  We 
discovered  it  in  the  case  of  one  of  the  American  boys  of  the 
seventh  grade.  When  questioned  he  admitted  that  he  was  pur- 
posely giving  a  certain  form  because  it  pleased  him.  Even  after 
throwing  out  such  cases,  which  were  not  frequent, — knowing 
the  characteristics  of  children,  we  were  able  to  detect  any  such 
distortions, — there  is  a  noticeably  greater  tendency  toward  a 
strongly  accented  rhythm  in  the  free  readings  given  by  the 
older  children  than  in  those  given  by  the  first  grade.  The  first 
syllable  was  almost  invariably  the  accented  syllable;  the  re- 
verse occurred  but  three  times  among  the  American  children 
and  twelve  times  among  the  German. 

Results  from  Method  II.  To  avoid  the  influence  of  the  com- 
plex forms  upon  the  natural  grouping,  all  the  involuntary 
series  were  taken  first.  This  order  would  have  been  followed 
in  the  first  instance  ;  but  the  children  would  then  have  taken 
no  interest  in  what,  from  their  point  of  view,  would  have  been 
a  stupid  and  meaningless  task.  For  this  reason  it  was  neces- 
sary to  ask  for  the  restrained  and  free  readings  on  the  same 
da}'.  But  the  microphone  presented  diflBculties  enough  to 
make  the  desirable  arrangement  possible,  and  yet  preserve  the 
interest  of  the  children.  On  the  other  hand,  the  use  of  the 
microphone  was  too  difficult  to  be  accompanied  with  much 
pleasure. 

R.  A.  Girl,  first  grade,  self-controlled  to  an  unusual  degree,  suscep- 
tible to  rhythm.  The  figures  given  are  the  averages  of  the  absolute 
time  values  of  the  successive  series.  Pitch  was  uniform  throughout, 
and  the  intensities  varied  but  slightly,  and  only  in  the  manner  indi- 
cated in  the  Table.  Type  of  grouping  was  clearly  primary,  uncom- 
pounded,  occasionally  irregular.  Series  (3)  will  be  discussed  in  detail 
as  it  has  an  important  bearing  on  the  genesis  of  the  complex  rhythm. 

We  note  that  the  time  of  both  syllable  and  pause  falls  within 
the  most  favorable  time  for  rhythmical  grouping  (.5  to  .2  sec- 
ond). The  grouping  falls  under  either  the  irregular  or  the 
primary  type,  with  the  exception  of  Series  (3).  The  breath- 
ing record  is  interesting  in  this  connection.  Each  syllable  cor- 
responds to  an  expiration,  each  pause  to  an  inspiration;  /.  <?.,  a 
full  inspiration  was  taken  after  every  syllable.  ((T/".  breathing 
records.)  This  type  of  breathing  was  characteristic  oi  R.  A.'s 
reading,  restrained  as  well  as  free. 
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Syllable. 

Pause. 

Intensity  and  Pitch. 

(I) 

408 

•458 

No  variations  in  pitch  or  intensity. 

Av.  values 
for  series  in 

(2) 
(3) 

298 
282 

•454 
•346 

Intensities  of  the  syllables  equal ;  each  syllable 
begins  with  greater  intensity  and  then  grad- 
ually grows  less  ;  no  variation  in  pitch. 

Important  for   genesis   of   rhythm.     Cf.  discus- 
sion following. 

sec. 

(4) 

463 

•39 

No  variations  in  intensity  or  pitch. 

(5) 

287 

•45 

(6) 

332 

•4 

"        " 

Series  (3)  was  taken  on  the  same  day  as  (i)  and  (2);  the 
microphone  was  working  unusually  well.  R.  A.  began  with 
the  prim.ary  form;  suddenly  we  heard  a  marked  change  in  her 
manner  of  reading.  It  was  trochaic.  Nothing  that  we  could 
observe  had  occurred  to  bring  about  the  change.  We  could 
only  refer  it  to  the  ease  with  which  she  was  reading,  and  the 
practice  that  series  (i)  and  (2)  had  given  her;  although  in  the 
free  readings  following  she  never  reverted  to  this  type.  It  is 
also  to  be  noted  that  at  the  same  time  in  which  the  rhythm  be- 
came trochaic  the  breathing  curve  was  compounded;  i.  c,  ex- 
piration lasted  during  the  interval  occupied  by  two  syllables  and 
the  intervening  pause.  The  complete  results  are  given  for  this 
series.  The  breathing  record  is  paralleled  with  that  for  the 
spoken  rhythm.  The  variations  of  amplitude  of  vibration 
within  the  rhythmical  unit  at  no  time  exceeded  i  mm.;  there- 
fore only  the  relative  deviations  in  intensity  can  be  given. 
It  is  probable,  had  it  been  pos.sible  to  make  the  estimations 
.  perfectly  exact,  that  the  slight  deviation  between  the  time  for 
the  breathing  and  the  spoken  rhythm  would  disappear.  It  is 
to  be  noticed  that  compounding  in  breathing  occurs  before 
there  is  any  evidence  of  a  grouping  in  the  spoken  rhythm,  but 
that  immediately  thereafter  the  second  syllable  becomes  shorter 
and  less  intensive  than  the  first,  although  the  intervening 
pause  is  fully  as  long  as  that  following.  Next,  the  .second  syl- 
lable is  shortened  and  the  pause  following  it  is  lengthened. 
This  markedly  trochaic  grouping  lasts  in  its  most  perfect  form, 
as  shown  in  the  *  groups,  for  only  three  groups;  following  upon 
this,  there  is  either  no  difference  in  the  length  of  the  pauses,  or 
an  unvarying  intensity,  /.  e.,  a  less  perfect  grouping.  While 
we  cannot  conclude  from  this  one  record  that  it  presents  the 
exact  order  in  which  a  complex  grouping  is  brought  about,  it 
clearly  gives  a  possible  genesis,  and  shows  how  closely  related 
breathing  and  grouping  are.    There  is  no  evidence  as  to  which 
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Table  IV. 


Breathing  Record. 

Spoken  Rhythm. 

Pitch  and  Intensity. 

6 

X    • 

u 

a. 
W 

a 

Syll.  sec. 

2  0 

S    u 

.419 

•233 

^•5 

•35 

•337 

\ 

.466 

.166 

2 

325 

35 

1 

•5 

.266 

2 

3 

325 

1 

•5 

•33 

2 

3 

4 

f 

.466 

.266 

1^5 

375 

325 

I 

.6 

•233 

^•3 

45 

275 

)  No  variation  in  pitch  or  intersity. 

.4 

.283 

3 

325 

4 

i 

.466 

•33 

2 

275 

325 

I 

1.566 

•33 

2 

325  (a) 
35     (*) 

4 
35 

1 

.966 

•45 

2.25 

3      («) 
125  (*) 

4 
325 

Intensity  of  (*)  less  than  that  of  (a). 

1.016 

•316 

.266 

425  (a) 
125  (*) 

175* 
525 



1.66 

•  316 

2 

4      («) 
25     (i>) 

175* 

4 

..    ..       ..        ..        ..     ..    ,. 

I 

•316 

2.25 

35     ^a) 
225  (*) 

275* 
4 

.. 

•95 

•35 

2^75 

25    («) 
15    C^) 

375 
5 

•       ..        ..        ..     ..    .< 

1.03 

.266 

2-5 

25     (a) 
225  (A) 

35 
425 

"          "    "    greater  than  that  of 

[a). 

I 

.283 

2-75 

375  («) 
175  (b) 

275 

45 

"          "    "    equal  to             "      " 

1. 16 

•3 

3 

25     («) 
175  (*) 

35 
215 

"          "    "    less  than          "      '• 

I 

•3 

3 

45     (a) 
2       (d) 

175 
425 

"          "    "    equal  to             "      " 

I 

•316 

2.25 

5      («) 
2       (^) 

175 
425 

..    > ..      " 

.85 

•33 

2-33 

375  (a) 
2       (<^) 

2 

4 

"          "      " 

Stands  in  the  relation  of  cause  and  which  of  effect  unless  pri- 
ority of  compound  breathing  might  be  taken  as  an  indication 
that  change  in  breathing  was  the  cause  of  the  grouping.  It  is 
more  probable  that  the  change  in  breathing  was  due  to  some 
psychical  factor  which  may  in  turn,  enforced  by  the  breathing, 
have  brought  about  the  decided  grouping.  The  state  of  y?.  A. 
at  the  time  of  the  record  was  evidently  one  of  pleasurable  in- 
terest in  a  not  too  difficult  activity.  There  was  a  pendular  move- 
ment of  the  whole  bod}',  such  as  was  seldom  marked  in  the 
experiments  with  the  microphone,  although  found  very  fre- 
quently in  the  readings  given  by  Method  I.  One  might  ven- 
ture, then,  to  posit  as  a  cause  for  the  grouping  the  fact  that  the 
attention  was  directed  upon  the  series  as  a  whole  and  not  upon 
the  articulation  of  each  separate  syllable. 
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H.,  a  boy  of  ten,  fourth  grade;  restless  and  incorrigible  in  school; 
while  interested  in  the  experiments,  was  unable  to  direct  his  attention 
long  upon  any  one  thing.  (The  first  three  series  of  the  free  readings 
were  given  by  a  boy  of  another  type ;  but  he  was  not  available  later, 
and  H.  came  to  the  laboratory  in  his  place.) 

Table  V. 


Syllable. 

Pause. 

(I) 

.588 

.136 

r2) 

.363 

•13 

(3) 

■573 

•175 

C4) 

•35 

.276 

(5) 

.442 

.191 

(6) 

.488 

•173 

(7) 

.402 

.192 

Pitch  and  Intensity. 


Av.  values 

lor  series 

in  sec. 


No  variation  in  pitch  or  intensity. 


The  pauses  are  invariably  shorter  than  in  the  reading  of  R. 
A.  The  relative  times  have  changed.  While  in  R.  A.'s  read- 
ing the  .syllable  and  pause  varied  but  slightly  in  duration,  in 
the  reading  of  H.  the  pause  is  much  shorter.  There  is  scarcely 
any  variation  in  the  duration  of  the  several  pauses.  The 
rhythm  is  throughout  of  the  purely  primary  type. 

The  breathing  was  very  different  from  that  of  i^.  A.;  an  ex- 
piration lasted  on  an  average  for  eight  syllables,  although  as 
few  as  five  and  as  many  as  ten  were  at  times  included  in  one 
expiration.  The  inspiration  was  short,  corresponding  to  the 
longer  pause  in  the  spoken  rhythm.  The  grouping  was  also  of 
the  same  general  form;  series  of  five  to  ten  syllables,  varying 
very  slightly  as  to  time  and  not  at  all  as  to  intensity  or  pitch, 
were  separated  by  short  pauses  and  followed  by  a  longer  pause, 
varying  in  length  from  .3  to  .5  second. 

C.  D.;  eleven;    seventh  grade  ;    leads  his  class  ;    very  painstaking. 

TABI.E  VI  (a). 
Primary  Rhythm. 


Syllable. 


Pitch  and  Intensity. 


Av.  values 

for  series 

in  sec. 


(2)  -57 

(3)  -548 
(7)    -75 


158 

■142    V  No  variations  in  pitch  or  intensity. 
•137 
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Table  VI  {b). 
Two  Grouped  Rhythm. 


Syllable. 


i. 

Pause. 

•59 

•56 

.084 
.163 

•565 
532 

.1 
.181 

•7 
.69 

.102 
.221 

•555 
•495 

•075 
•138 

Pitch  and  Intensity. 


(I)    (a) 
{b) 

(5)   («) 

(6;   {a) 

{b) 

(7)   («) 
ib) 


No  variations  in  pitch  or  intensity. 


The  breathing  was  of  the  type  already  mentioned  in  the  case 
of  H.  There  were  none  of  the  irregular  fluctuations  which  ap- 
peared in  H.'s  reading.  While  pitch  and  intensity'  held  the 
same  throughout  the  series,  there  was  a  slight  tendency  to  a  two- 
grouping  in  series  (i),  (5),  (6)  and  (7).  In  these  series  the  first 
syllable  of  the  group  was  slightly  lengthened,  as  was  also  the 
pause  at  the  end  of  the  second  syllable;  /.  e.,  they  approached 
the  trochaic  type.  In  the  other  series,  the  larger  groups  which 
corresponded  to  the  breathing  rhythm  were  made  up  of  an  ir- 
regular number  of  syllables,  seven,  nine,  or  eleven.  The  sep- 
arate syllables  varied  but  slightl}'  in  duration.  The}'  were  ex- 
amples of  the  primary  rhythm.  On  the  whole,  C  D.  shows  a 
greater  tendency  to  rhythmical  grouping  in  his  free  reading 
than  does  either  H.  or  R.  A.  of  grades  four  and  one. 

It  is  apparent  at  a  glance  that  the  results  gained  by  Method 
I  gave  a  greater  varietj'  in  manner  of  grouping;  pitch  and  in- 
tensive differences  were  there  frequently  present,  whereas  here 
they  fail  entirely,  except  in  series  (3)  for  R.  A.,  which  showed 
slight  intensive  variations. 

The  reason  for  the  disparity  between  the  results  of  the  first 
and  second  method  can  be  accounted  for  as  follows,  (a)  The 
practice  with  the  restrained  or  complex  groupings  exerted  an 
influence  on  the  free  readings  of  the  succeeding  week,  in  the 
first  experiment;  {b)  with  the  microphone,  there  was  a  certain 
constant  resistance  to  be  overcome;  this  tended  to  bring  about 
an  automatic  regularity  and  uniformity  in  the  articulation  of 
the  syllables,  and  the  result  was  the  primary  form;  (r)  the  re- 
sistance of  the  microphone  was  so  great  that  attention  was 
directed  upon  the  articulation  of  the  .syllables.  The  freedom 
and  spontaneit}'  that  characterized  the  readings,  as  given  by 
Method  I,  were  entirely  wanting.  This  would  militate  against 
the  perception  of  rhylhm.     Miss  Smith  points  out  similar  in- 
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Stances.^  "  Obgleich  (beim  einfachen  Rliythmus)  iu  diesen 
Versuchen  die  Beweguugen  des  Aussprechens  taktraaessig 
waren,  hat  die  Versuchsperson  vvegen  der  Schwierigkeit  des- 
selben  keinen  Rhytlimus  irgend  welcher  Art  empfuuden.  Die 
gauze  Aufraerksamkeit  wurde  auf  die  Qualitaet  der  Leistung 
gerichtet,  uud  wie  vorher  bei  den  Gewichts-und  Schreibver- 
suchen  entstand  auch  hier  die  Empfindnng  des  Rhythmus  erst 
dann,  wenn  eine  gewisse  Gewaud  theit  gewonnen  worden  war." 
{d)  According  to  the  arrangement  of  Method  I,  the  syllables 
were  written  in  five  lines  of  six  syllables  each.  As  they  thus 
stood,  they  were  more  readily  divided  into  groups.  One  of 
Miss  Smith's  subjects  reported  that,  as  he  readily  divided  a 
visual  series  into  groups  of  three,  .so  three  syllables  made  for 
him  an  unit\-  easily  perceived.  This  may  also  have  been  a  fac- 
tor which  helped  to  bring  about  ihe  divergences  in  the  results 
of  our  two  Methods. 

Sum)7iary . 

I.  An  involuntary  grouping  may  arise  either  through  a  reg- 
ular variation  in  time  relations,  or  by  regular  intensive  or  quali- 
tative variations.  The  earliest  form,  in  order  of  priority,  seems 
to  be  the  primary;  following  that  is  the  two-grouping  with 
equal  syllables,  but  regular  variations  iti  the  duration  of  the 
pauses;  then  comes  the  two-grouping  by  means  of  temporal, 
intensive  or  qualitative  subordinations  among  the  syllables.  2. 
The  temporal  subordinations  are  the  first  to  appear  in  invol- 
untary grouping;  intensive  or  qualitative  changes  come  later. 
3.  Grouping  increases  in  completeness  with  increased  develop- 
ment of  the  child.  4.  There  seems  to  be  a  tendency  in  the 
motor  mechanism  toward  automatic  regularity  which  furthers 
the  production  of  rhythm.  5.  Breathing  appears  to  stand  in  a 
functional  relation  to  the  rhythm.  6.  Involuntary  grouping 
occurs  (a)  when  the  attention  is  directed  upon  the  series  as  a 
whole;  i^b)  when  an  incentive  is  present  to  lighten  the  work  01 
perception  by  separating  the  total  series  into  smaller  and  easily 
perceived  groups.  This  equal  division  of  attention  (in  pulses 
of  natural  length)  gives  the  double  guarantee  of  a  perception 
of  all  the  members  of  tl;e  series  with  a  lightening  of  the  work 
of  perception,  (r)  When  a  regularly  recurring  activity  tends 
to  bring  about  a  rhythm  in  the  motor  mechanism;  (yd)  when  there 
is  no  feeling  of  bodily  discomfort  or  strain  to  distract  the  atten- 
tion. 7.  Grouping  disappears  (a)  when  the  effort  of  articulation 
is  so  great  that  attention  is  necessarily  directed  upoa  the  act  it- 
self; when,  i.  <?. ,  the  attention  is  abstracted  from  the  succession 
to  the  individual  members;  and  (<^)  when  the  time  equivalent 
to  the  normal  pulse  of  attention  is  exceeded  by  the  total  dura- 
tion of  two  sjilables. 

1  op.  cii.,  pp.  233,  254,  290. 
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§  2.     Voluntary   Groupings. 

For  the  sake  of  convenience,  the  results  are  given  in  the 
order:  trochaic,  iambic,  dactylic,  anapaestic  groupings,  al- 
though, as  before  stated,  the  order  was  constantly  varied  dur- 
ing the  course  of  the  experiment.  The  terms  trochaic,  iambic, 
dactylic  and  anapaestic  are  not  used  in  the  metrical  sense,  but 
as  convenient  terms  for  forms  of  restrained  groupings  of  two 
and  three  syllables,  in  which  a  certain  syllable  of  each  group  is 
emphasized.  Grouping  was,  however,  never  mentioned;  it 
arose  naturally  and  involuntarily  from  the  regularly  recurring 
emphasis. 

Method  I.  As  in  the  free  readings,  the  judgments  of  the  ex- 
perimenter were  only  relative;  i.  c,  one  syllable  was  judged 
longer  or  louder  than  another.  We  attempted  to  note  pitch 
differences  exactly.  While  it  would  have  been  desirable  to 
note  time  and  intensity  differences  under  the  three  categories 
of  just  noticeably  present,  present,  and  marked,  we  found  that 
the  distinctions  had  not  been  and  could  not  be  accurately 
enough  made,  in  every  case,  to  warrant  such  a  classification. 
Notice  was  also  taken  of  the  position  and  character  of  the 
pause,  the  presence  or  absence  of  concomitant  movements  and 
their  general  character,  together  with  the  time  for  the  whole 
series.  The  concomitant  movements  and  time  values  of  the 
different  forms  are  discussed  in  a  later  Section. 

Because  of  the  unequal  number  of  readings  in  the  different 
classes,  Tables  of  presence  and  of  absence  have  been  given. 
The  distinctive  differences  in  the  readings  of  the  three  grades 
are  clearly  brought  out  by  a  comparison  of  these  two  Tables. 
In  the  case  of  qualitative  differences,  '  marked  '  designates  in- 
tervals of  a  fourth  or  more;  'inverted'  signifies  that  the  fall- 
ing inflection  occurred,  where  the  rising  is  ordinarily  given,  or 
vice  versa,  or  that  the  relations  of  long  and  short  were  reversed, 
etc. 

Total  for  Five  Series  of  Trochaic  Readings. 

Table  VII  («). 

Pilch  Variations.     (Present.) 


I. 

IV 

1 

VII. 

15  p- 

3  m. 

I  i. 

0  ir. 

10  p. 

7  m. 

oi. 

I  ir. 

10  p. 

10  m. 

I  i. 

2  ir. 

G.  B. 

17  p. 

0  m. 

0  1. 

I  ir. 

ID  p. 

9  m. 

3J- 

oir. 

17  p. 

3  ni. 

3  1- 

oir. 

G.  G. 

4  p. 

0  m. 

I  1. 

oir. 

12  p. 

2  m. 

0  1. 

0  ir. 

12  p. 

2  m. 

01. 

oir. 

A.  B. 

7P- 

I  m. 

I  1. 

0  ir. 

16  p. 

2  m. 

01. 

oir. 

13  P- 

0  m. 

2  1. 

oir. 

A.  G. 

43  P- 

4  m. 

3i- 

I  ir. 

48  p. 

20  m. 

3i- 

I  ir. 

52  p. 

17  m. 

6i. 

2  ir. 

Total. 

p.,  signifies  present ;  m.,  marked ;   i.,  inverted;  ir.,  irregular. 
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Table  VII  (b). 
Pitch  Variations.     {Absent.^ 


5" 


I. 

IV. 

VII. 

o 

I 

I 

G.  B. 

I 

I 

2 

G.  G. 

i6 

8 

4 

A.  B. 

14 

3 

4 

A.  G. 

31 

13 

II 

Total. 

( I )  The  tendency  of  the  German  children  toward  a  qualita- 
tively determined  rhythm  is  shown  more  clearly  in  the  Table 
of  absence  than  in  that  of  presence;  but  this  difference  between 
the  German  and  American  children  decreases  with  increasing 
age.  (2)  Intervals  of  a  fourth  or  more  occur  more  frequently 
among  the  German  children.  (3)  Cases  of  inversion  were 
scattered  through  all  the  series;  the  voice-fall  being  falling- 
rising,  instead  of  rising-falling,  as  generally  found  in  trochaic 
grouping.     Inversion  in  pitch  is  not  a  function  of  age. 

Table  VIII  (a). 
Intensity  Variations.     (^Present.') 


I. 

IV. 

VII. 

7  p.  4  m.  0  i. 

6  p.  2  m.  I  i. 

3  p.  0  m.  0  i. 

10  p.  2  m.  0  i. 

0  ir. 
0  ir. 
0  ir. 
0  ir. 

II  p. 

8  p. 

18  p. 

16  p. 

4m.  oi.  oir. 
7  m.  0  i.  oir. 
0  m.  oi.  oir. 
2  m.  oi.  oir. 

18  p. 

14  p. 
9  p. 

15  p. 

2  m.  0  i.  0  ir. 

3  m.  oi.  oir. 

4  m.  oi.  0  ir. 
2  m.  I  i.  oir. 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

26  p.  8  m.  I  i. 

0  ir. 

53  P- 

13  m.  oi.  oir. 

56  p. 

II  m.  I  i.  oir. 

Total. 

Table  VIII  {b^. 
Intensity  Variations.     {Absent.^ 


I. 

IV. 

VII. 

8 

4 

3 

G.  B. 

6 

8 

7 

G.  G. 

18 

4 

5 

A.  B. 

10 

3 

0 

A.  G. 

42 

19 

'  15 

Total. 

It  was  often  diflScult  to  distinguish  between  a  slight  rise  in 
pitch  and  a  slight  increase  in  intensity.  Repetition  was  then 
required. 
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The  dissimilarity  between  Germans  and  Americans  is  not  so 
marked  as  in  Table  VII.  The  first  grade  Americans  are  dis- 
tinctly less  rhythmical  than  the  German  children  of  the  same 
age.  The  correlation  between  increased  intensive  variations 
and  increased  age  is  even  more  marked  than  the  same  correla- 
tion in  the  case  of  pitch.  Inversion  is  far  less  frequent  in 
intensity  than  in  pitch. 

Table  IX  (a). 
Tetnporal   Variatiofis.    {Present.) 


I. 

IV. 

VII.         j 

4  p. 

o  m. 

o  i. 

o  ir. 

9P- 

I  m. 

o  i. 

o  ir. 

14  p. 

o  m. 

0  i. 

oir. 

G.  B. 

3P- 

I  m. 

O  1. 

o  ir. 

7  P- 

4  m. 

I  1. 

o  ir. 

14  p. 

3  m. 

I  1. 

oir. 

G.  G. 

4  p. 

o  m. 

O  1. 

o  ir. 

20  p. 

o  m. 

O  1. 

o  ir. 

lo  p. 

4  m. 

I  1. 

oir. 

A.  B. 

I3P- 

o  m. 

I  1. 

I  ir. 

I3P- 

2  m. 

O  1. 

o  ir. 

9P- 

7  m. 

2  1. 

oir. 

A.  G. 

24  p. 

I  m. 

I  i. 

I  ir. 

49  p. 

7  m. 

I  i. 

o  ir. 

47  P- 

14  m. 

4i. 

oir. 

Total. 

Table  IX  (b). 
Tetnporal   Variations.   (Absent.) 


I. 

IV. 

VII. 

15 

12 
17 

8 

9 
II 

2 
6 

9 
7 
3 

I 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

52 

28 

20 

Total. 

(i)  Increased  tendency'  toward  temporal  subordination  in 
grouping  runs  parallel  with  increase  in  mental  development; 
the  difference  between  the  first  and  fourth  grades,  in  this  re- 
spect, is  greater  than  that  between  the  fourth  and  seventh.  (2) 
There  are  numerous  cases  of  inversion.  These  arose  through 
prolongation  of  the  last  syllable  into  the  time  of  the  pause. 
Inversion  here,  as  elsewhere,  does  not  seem  to  be  a  function  of 
age;  it  is  even  more  frequent  with  the  older  children.  (3)  The 
effect  of  practice  is  greater  upon  the  German  children;  with 
them  there  was  a  marked  increase  of  temporal  and  intensive 
differentiation  in  the  fourth  and  fifth  series,  and  a  correspond- 
ing increase  in  the  unity  of  the  grouping.  In  the  case  of  the 
American  children,  the  rhythm  of  the  third,  fourth  and  fifth 
series  showed  scarcely  any  deviations  from  that  of  the  first. 

Are  there  closer  relationships  existing  between  any  two  of 
these  objective  factors  than  between  the  others  ?  When  the 
rhythms  are  not  determined  by  all   three,  temporal,  intensive 
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and  qualitative,  which  two  appear  most  frequently  together? 
An  answer  to  this  question  would  throw  light  upon  the  subjec- 
tive nature  of  these  objective  factors.  The  results  have  been 
tabulated  to  show  these  relations. 

Table  X. 


p.  and  I.  present 
together. 

I.          IV.          VII. 

T. 
I. 

and  I.  present 
together. 

IV.          VII. 

p. 
I. 

and  T.  present 
together. 

IV.          VII. 

956 
782 
I             0             I 
I            5             0 

0 
0 
I 

2 

0              0 
0              2 
5              3 
3              3 

2 
I 
I 
0 

1  0 

2  2 
2               I 
2                0 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

18          18            9 

3 

8          8 

4 

7           3 

Total. 

P.  T.  and  I 

present  together. 

p 

T.  and  I. 

absent. 

I. 

IV. 

VII. 

I. 

IV. 

VII. 

2 

9 

14 

17 

9 

9 

G.  B. 

3 

8 

14 

12 

12 

9 

G.  G. 

0 

II 

9 

22 

II 

9 

A.  B. 

8 

13 

14 

14 

9 

8 

A.  G. 

13 

41 

51 

65 

41 

35 

Total. 

The  mediation  of  the  grouping  through  variation  in  pitch 
and  intensity  alone  appears  frequently  among  the  Germans;  it 
is  less  noticeable  in  the  upper  grades,  as  all  three  factors  are 
there  more  often  present.  A  T-I  grouping  is  more  character- 
istic of  the  Americans;  while  a  grouping  mediated  by  P  and  7 
seldom  characterizes  the  German  or  American  reading.  This 
vi^ould  seem  to  indicate  that  pitch  cannot  be  a  complete  substi- 
tute for  intensity,  but  rather  serves  to  heighten  the  effect  of  an 
intensity  variation.  Cf.  the  discussion  of  pitch,  for  the  rela- 
tions between  pitch  and  intensity. 

The  rhythm  certainly  gained  in  richness  of  content  and  unity 
of  impression  with  increase  in  years. 

Pause. — Unfortunately  for  the  results,  as  to  the  relation  of 
the  pause  in  the  group,  the  observations  on  German  children  are 
incomplete.  The  position  of  the  pause  was  noted  only  in  very 
striking  cases;  consequently,  a  satisfactory  basis  for  compari- 
son with  the  results  obtained  from  American  children  is  want- 
ing, as  absence  or  presence,  regularity  or  irregularity,  was 
noted  here  in  every  reading. 


514 


SQUIRE 


Table  XI  (a). 
Position  of  Pause.    Americans. 

(Results  for  boys  and  girls  given  together.) 


I. 

IV. 

VII. 

44 

44 

37 

Total  Number  of  Readings. 

8 

29 
12 

4  4 
40  33 
—            I 

I     1       I 

Pause  after  each  syllable. 
Pause  after  every  second  syllable  only. 
Pause  after  third  syllable  only. 
Absent  or  irregular. 

Table  XI  (b). 

Position  of  Pause.     Germans. 

(Results  for  boys  and  girls  g^iven  together.) 


I. 

IV. 

VII. 

34 

38 

48 

Total  Number  of  Readings. 

5 

12 

0 

? 

I 
20 

I 
? 

2 

0 
? 

Pause  after  each  syllable. 
Pause  after  every  second  syllable. 
Pause  after  every  third  syllable. 
Absent  or  irregular. 

There  are  frequent  lapses  into  a  primary  rhythm  in  the  tro- 
chaic reading  of  the  first  grade.  With  one  exception,  this  pri- 
mary grouping  retained  the  temporal,  intensive  or  qualitative 
subordination  characteristic  of  a  trochaic  grouping. 

There  are  a  large  number  of  irregular  readings  among  the 
American  children  of  the  first  grade;  the  boys,  particularly, 
were  very  unrhythmical. 

Results  from  the  Trochaic  Readings  by  Method  II.  Figures 
for  time  and  pitch  represent  the  mean  values  for  each  series. 

Table  XII.— C.  D. 


TIME. 

Intensity. 

Syllable, 
(a)              (b) 

Pause, 
(a)               (b) 

Pitch. 

(i)  .789  sec.  .361  sec. 

(2)  .743    "     .313    " 

(3)  -985    "     -312    " 

(4)  .87      "     .311    " 
(5) -767    "     -398    " 
(6)  .802    "     .504    " 

.093  sec.  .435  sec. 
.102    "     .597    " 
.12      "     .402    " 
.102    "     .545    " 
.062    "     .358    " 
.065    "     .311    " 

a>  b(3);  a=b    (8) 
a=b  (12) 

a>  b(4);  a=b    (6)» 
a=b  (II)* 
a=b(i4) 

a>  bC6),  a=b    (i) 

a=b 

a=b 

a  higher  than  b. 

a  higher  than  b. 

a  318.75  vib.  b  318.75  vib. 

a  300.93    "     b  288.43    " 

♦The  microphone  responded  poorly. 
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TIME. 

Intensity. 

Syllable, 
(a)                 (b) 

Pause, 
(a)               (b) 

Pitch. 

(1)  .419  sec.  .25  sec. 

(2)  .46    "  .365    " 

(3)  .444    "   .448    " 

(4)  .52    "  .438    " 

(5)  .409    "   .414    " 

.183  sec.  .416  sec. 
.142    "     .23     " 
.14    "  .206     " 
.131    "     .24     " 
.115    "  .131     " 

a>b    (7);a=b(2) 
a>  b(i5);a=b(i) 
a>  b(i3)» 
a>  bCis)* 
a>  b(i4) 

a  higher  than  b 
a       "         "      b 
a       "         "      b 
a       •'         "      b 
a  306  .25  vib. 
b  257  .69  vib. 

*a  twice  as  intensive  as  b. 

Pitch  intervals  vary  between  a  second  and  a  fourth. 

Table  XIV.— i?.  A. 


TIME. 

Intensity. 

iSyllable. 

Pause. 

Pitch. 

(a)                      (b) 

(a)              (b) 

(i)    .58  sec.  .445  sec. 

(2)  .57    "     .457    " 

(3)  .504    "     .195    " 

(4)  .488    "     .397    " 

(5)  .628    "     .575    " 

(6)  .637    "      .56   " 
(7). 647    "    .347    " 

.43  sec.  .595  sec. 
•42    "     .513    " 
.19    "     .984    " 
.193    "     .638    " 
.413    "       -44    " 
■362    "     .437    " 
•387    "     -493    " 

a=b(lo) 
a>  b(7);a=b(3) 
a=b(i2)* 
a=b(io)* 
a>  b(3);a=b(7) 
a>  b(3);a=b(5) 
a=b  (10) 

a=b 

a=b 

a=b 

a=b 

a  higher  than  b 

a  higher  than  b 

a  higher  than  b 

*The  microphone  responded  poorly. 

Difference  in  pitch,  when  present,  never  exceeded  the  major  second. 

Some  of  the  series  were  taken  under  favorable  conditions, 
the  microphone  re.sponding  as  readily  as  could  be  desired; 
where  particular  difl&culties  were  experienced,  they  have  been 
noted. 

There  was  a  secondary  grouping  in  the  reading  of  H.  and  C. 
D.,  corresponding  to  the  breathing  rhythm,  which  could  not 
be  shown  in  the  tabulated  results;  each  of  the  larger  groups 
contained  six  to  ten  smaller  groups  (or  in  metrical  language  6 
to  10  feet).  The  larger  groups  were  separated  by  longer 
pauses  of  .3  to  .7  sec.  in  duration. 

The  difference  between  the  lengths  of  the  intervening  and 
the  succeeding  pause  increased  from  the  first  grade  up;  R.  A. 
(first  grade)  gave,  with  the  exception  of  two  series,  very  slight 
time-differences  in  her  readings;  with  //.,  the  differences  in 
duration  of  the  pauses,  although  greater  than  with  R.  A.,  were 
not  marked;  while  with  C.  D.  they  were  very  marked.  The 
same  thing  is  true  of  the  duration  of  the  syllables,  but  in  a  less 
noticeable  degree. 

The  results  for  intensity  are  not  entirely  satisfactory,  for,  as 


5i6  SQUIRE: 

C.  D.  complained  at  the  time  of  the  third  series,  in  order  to 
give  the  weak  syllable  intensity  enough  to  insure  a  response 
from  the  microphone,  it  was  necessary  to  speak  so  loudly  that 
the  loudest  syllable  could  hardly  be  made  more  intense.  The 
correlation  between  greater  frequency  and  completeness  of  in- 
tensive subordination  and  increase  in  age  is  not  borne  out  in 
this  experiment.  The  lack  of  delicacy  in  the  responses  of  the 
microphone  was,  no  doubt,  a  partial  cause,  although  not  a  suf- 
ficient one.  The  natural  reading  of  C.  D.  never  showed  great 
intensive  variations. 

In  the  two  cases  where  R.  A.'s  reading  showed  a  noticeable 
temporal  subordination,  there  was  neither  an  intensive  nor  a 
qualitative  differentiation  present:  this  was  a  case  of  supple- 
menting similar  to  Meumann's  Stcllvertretung .  R.  A.'s  group- 
ing is  not  of  any  particular  type;  it  is  partly  temporal,  partly 
intensive,  and  for  the  last  series  slightly  qualitative. 

//.  tends  to  a  markedly  intensive-qualitative  rhythm;  tem- 
poral differences  are  very  slight.  In  series  (3)  he  approached 
a  spondaic  time  order.  Pitch  differences  are  always  present, 
and  greater  than  for  C.  D.  ox  R.  A.  C.  D.'s  reading  is  of  a 
temporal  type,  with  few  or  slight  differences  in  intensity  or 
pitch,  but  with  striking  differences  in  temporal  arrangement. 

//. 's  reading  was  always  more  natural,  less  strained,  than 
that  of  C  D.  C.  D.  was,  as  has  been  stated,  a  very  painstak- 
ing, conscientious  child,  and  labored  to  give  what  he  thought 
was  desired;  while  H.  read  as  he  pleased.  It  is  therefore  proba- 
ble that  in  the  grouping  given  by  //".we  have  a  nearer  approach 
to  the  natural  spontaneous  rhythm  of  speech. 

The  figures  for  pitch  are,  like  those  for  time,  averages  of 
long  series;  they  do  not  therefore  represent  the  number  of  vi- 
brations which  were  actually  given,  but  show  all  that  they 
were  expected  to  represent, — the  relative  intervals  between  the 
two  syllables.  In  the  readings  given  by  R.  A.,  and  in  the 
greater  number  of  those  given  by  H.  and  C.  D. ,  it  was  impos- 
sible to  read  the  number  of  vibrations  as  shown  on  the  record. 
By  a  change  in  the  recording  apparatus  and  an  increase  of  the 
rate  of  revolution  of  the  drum,  we  were  enabled,  however,  to 
obtain  a  few  records  which  showed  approximately  the  number 
of  vibrations;  it  was  necessar3%  even  in  this  case,  to  use  a 
magnifying  glass  fjr  reading  the  records. 

It  is  to  be  noted  that  the  time-relations  could  not  be  ex- 
pressed by  simple  numbers. 

Total  for  Five  Series  of  Iambic  Readings. 

In  this  case  the  children  were  requested  to  emphasize  the 
second  and  every  alternate  syllable. 
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I. 

IV. 

VII. 

6  p. 

2  m. 

10  i. 

2  ir. 

14  p. 

0  m. 

I  i. 

I  ir. 

10  p. 

9  m. 

3  1- 

I  ir. 

G.  B. 

9P- 

I  m. 

41. 

0  ir. 

13  P- 

4  m. 

I  1. 

oir. 

20  p. 

I  m. 

3  1- 

I  ir. 

G.  G. 

7  P- 

2  m. 

0  1. 

2  ir. 

i.S  P- 

0  m. 

bi. 

oir. 

17  p. 

0  m. 

0  1. 

oir. 

A.  B. 

4  p. 

0  m. 

0  1. 

I  ir. 

9P- 

3  m. 

2  1. 

oir. 

14  p. 

0  m. 

0  1. 

2  ir. 

A.  G. 

26  p. 

5  m. 

141. 

sir- 

49  p. 

7  m. 

10  i. 

1  ir. 

47  P- 

10  m. 

6i. 

4ir. 

Total. 

Table  XV  {b). 
Pitch   Variations.     Absent. 


I. 

IV. 

VII. 

0 

3 

0 

G.  B. 

2 

0 

0 

G.  G. 

13 

3 

2 

A.  B. 

16 

7 

5 

A.  G. 

31 

13 

7 

Total. 

(i)  The  parallelism  between  increasing  differentiation  of  the 
rhythm  and  increasing  age  is  still  noticeable,  although  there  is 
scarcely  any  difference  between  the  fourth  and  the  seventh 
grades  in  this  respect.  (2)  A  qualitatively  determined  rhythm 
still  appears  to  be  characteristic  of  the  German  rather  than  of 
the  American  reading.  (3)  The  cases  of  inversion  are  much 
more  frequent  than  with  the  trochee;  this  is  particularly  true 
of  the  Germans,  who  in  such  cases  reverted  to  a  pure  trochaic 
form.  (4)  Comparing  the  trochaic  and  iambic  groupings  as 
to  pitch  relations,  we  note  that  there  is  exactly  the  same  num- 
ber of  absences  in  the  iambic  as  in  the  trochaic  readings  of  both 
the  first  and  fourth  grades;  but  with  the  seventh  grade,  pitch 
variations  are  absent  but  seven  times,  while  with  the  trochee 
they  are  wanting  in  eleven  readings.  (5)  There  are  fewer  in- 
stances of  intervals  of  a  fourth  in  the  iambus  than  in  the  tro- 
chee; the  intervals  often  gradually  diminished  as  the  reading 
proceeded.  This  fluctuation  in  pitch  was  a  characteristic  feature 
of  the  iambic  grouping. 

(i)  Regular  intensive  variations  are  less  frequent  than  are 
qualitative.  (2)  They  occur  more  rarely  than  in  the  trochaic 
grouping.  The  greater  variety  of  intensive  variations  in  the 
iambus  is  doubtless  due  to  the  same  cause  as  the  smaller  pitch 
intervals.     The  result  is  a  weakening   and   fading-out   of  the 
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Table  XVI  (a). 
Intensity  Variations.     {Present.) 


I. 

IV. 

VII. 

6  p. 
6  p. 

2  p. 

7P- 

4  m.  I  i.  oir. 

5  m.  oi.  I  ir. 
o  m.  oi.  oir. 
2  m.  oi.  4ir. 

i6p. 
9P- 

7P- 

5  m.  oi.  0  ir. 
4m.  oi.  oir. 
2  m.  I  i.  I  ir. 
2  m.  X  i.  2  ir. 

16  p. 

I3P- 

9P- 

12  p. 

2  m,  0  i.  0  ir. 
2  m.  0  i.  0  ir. 

2  m.  2  i.  0  ir. 

3  m.  0  i.  0  ir. 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

21  p. 

II  m.  I  i.  sir. 

39  P- 

13  m.  2i.  3ir. 

40  p. 

9  m.  2  i.  0  ir. 

Total. 

Table  XVI  {b). 
Intensity  Variations.     {Absent.) 


I. 

IV. 

VII. 

3 

3 

20 

II 

7 
3 
7 
7 

5 
8 
6 

5 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

37 

24 

24 

Total. 

distinctive  marks.  Cf.  later  discussion.  (3)  Correlation  of 
increasing  intensive  differentiation  with  increasing  age  is  still 
to  be  noted,  although  not  marked. 


Table  XVII  (a). 
Time  Variations.     {Present.) 


I. 

IV. 

VII. 

2  p. 

0  m. 

I  i. 

0  ir. 

9  p. 

3  m. 

0  i. 

0  ir. 

13  P- 

I  m. 

0  i. 

0  ir. 

G.  B. 

2  p. 

I  m. 

2  1. 

0  ir. 

II  p. 

4  m. 

I  1. 

0  ir. 

II  p. 

4  m. 

41. 

0  ir. 

G.  G. 

3P- 

0  m. 

2  1. 

0  ir. 

10  p. 

I  m. 

2  1. 

0  ir. 

10  p. 

2  m. 

I  1. 

0  ir. 

A.  B. 

9P- 

0  m. 

2  1. 

0  ir. 

10  p. 

I  m. 

2  1. 

0  ir. 

10  p. 

2  m. 

I  1. 

0  ir. 

A.  G. 

16  p. 

1  m. 

7i- 

0  ir. 

40  p. 

9  m. 

5  i- 

0  ir. 

44  p. 

9  m. 

7i- 

0  ir. 

Total. 

Table  XVII  {b). 
Time  Variations.     {Absent.) 


I. 

IV. 

VII. 

15 

7 

9 

G.  B. 

II 

7 

6 

G.  G. 

17 

8 

5 

A.  B. 

9 

4 

4 

A.  G. 

52 

26 

24 

Total. 
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(i)  Cases  of  inversion  in  the  temporal  relations  are  far  more 
numerous  in  the  iambus  than  in  the  trochee;  although  subordi- 
nations in  temporal  arrangement  are  about  as  frequent.  (2) 
The  irregularities  found  in  the  intensive,  and  still  more  often 
in  the  qualitative  arrangement  disappear  here  entirely.  (3) 
The  parallelism  found  in  all  the  other  instances  is  still  to  be 
noted. 

Table  XVIII. 


p. 

and  I.  present 
together. 

T. 

and  I.  pre 
together. 

sent 

P. 

and  T.  present 
together. 

I. 

IV.          VII. 

I. 

IV. 

VII. 

I. 

IV. 

VII. 

13 

7 
0 

2 

5               5 
5              3 
^               3 
3              2 

I 
I 
2 
2 

3 

I 
2 

4 

I 
3 
3 
3 

0 
0 
I 

4 

2 
0 

2 
I 

0 
0 

3 

0 

G.  B. 
G.  G. 
A   B. 
A.  G. 

22 

15            13 

6 

9 

10 

5 

5 

3 

Total. 

P.,  T. 

and  I. 

present. 

p.,  T. 

and  I. 

absent. 

I. 

IV. 

VII. 

I. 

IV. 

VII. 

I 

5 

12 

18 

13 

II 

4 

15 

13 

II 

5 

12 

0 

9 

7 

22 

13 

II 

3 

II 

II 

19 

II 

8 

8 

40 

43 

70 

42 

42 

A  grouping  marked  only  by  variations  in  P.  and  /.  is  still 
favored  by  the  German  children,  especially  by  the  first  grade 
boys.  P.  and  T.  variations  seldom  occur  alone;  this  was  noted 
in  the  trochaic  grouping.  T.  and  /.  are  still  favored  by  the 
Americans  rather  than  by  the  Germans.  P. ,  T.  and  /.  subordi- 
nations within  the  same  group  are  less  frequent  than  in  the 
trochee;  this  is  especially  true  of  the  first  grade.  An  excep- 
tion to  this  rule  is  furnished  by  the  reading  of  the  German 
girls  in  the  fourth  grade;  it  can  be  partly  accounted  for  by  the 
fact  that  the  full  number  of  readings  was  given  by  a  girl  of  a 
distinctly  iambic-anapaestic  type.  In  general  we  note  here  the 
same  tendency  to  a  looser  grouping,  i.  e.,  one  possessing  fewer 
distinctive  marks,  that  was  before  noted. 

Pause. — For  the  reason  before  mentioned,  the  results  from 
the  German  children  are  not  complete. 

A  pause  often  occurs  after  the  first  syllable,  together  with 
differences  in  pitch  and  in  intensity.  In  the  primary  grouping, 
each  syllable  was  frequently  pronounced  with  a  strong  expira- 
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TABI.E  XIX  (a). 
Position  of  Pause.     Americans. 

(Results  for  boys  and  girls  given  together.) 


I. 

IV. 

VIX. 

44 

44 

37 

Total  Number  of  Readings. 

8 

25 
II 

4 

33* 
4 

I 

37 
0 

Pause  after  each  syllable. 

Pause  after  every  second  syllable. 

Pause  absent  or  irregular. 

Table  XIX  (b). 
Position  of  Pause.     Germans. 

(Results  of  boys  and  girls  given  together.) 


I. 

IV. 

VII. 

34 

38 

48 

Total  Number  of  Readings. 

5 
6 

? 

I 

9 

? 

0 

After  every  syllable. 

After  every  second  syllable. 

Absent  or  irregular. 

*One  child  gave  a  double  two-grouping  by  lengthening  the  pause  after  the 
fourth  in  relation  to  that  after  the  second  syllable. 

tory  movement.  There  are  more  instances  of  irregularities  than 
in  the  trochaic  rhythm.  A  reversion  to  forms  2  and  3  of  the 
involuntary  series,  i.  <?. ,  a  grouping  effectuated  by  pause  alone, 
occurred  eleven  times  among  the  American  boys  of  the  first 
grade  and  six  times  among  the  girls  of  the  same  grade. 

With  the  first  grade,  the  iambic  grouping  is  loose,  i.  e.,  it 
lacks  the  unitary  character  of  the  trochaic;  it  is  frequently 
turned  into  the  trochaic  form  through  inversion  in  time,  pitch 
or  intensity,  or  in  all  three. 

Results  from  the  Iambic  Readings  by  Method  II.  Figures  for 
time  and  pitch  represent  the  mean  values  of  each  series. 

Table  XX.— C.  D. 


TIME- 

Intensity, 

Syllable. 

Pa 

use. 

Pitch. 

(a)                (b) 

(a) 

(b) 

(i)  .613  sec.  .685  sec. 

.13    sec. 

.3      sec. 

b>  a  (14);  b=a(i) 

? 

(2)  .607    "     .625    " 

.121     " 

•344    " 

b>  a    (9);  b=a(4) 

b  higher  than  a 

(3)  -733    "    -766    " 

.123    " 

.251     " 

b>  a  (10);  b=a  (2) 

b        "         "a 

(4)  .716    "    .688    " 

.123    " 

•345    " 

b>  a  (11);  b=a(i) 

b        "        "a 

(5) -803    "     -792*" 

.086    " 

.166    " 

b>  a    (I); 

b  <a(i4)* 

a  313-33  vib. 
b  362.22    " 

(6)    .71    "     -767    " 

.076    " 

.196    " 

b>a    (I);  b=a(4); 

b  <a  (6) 

a  282.35    " 
b  297.97    " 

♦Time  and  intensity  trochaic,  voice-fall  iambic. 
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TIME. 

Intensity. 

Syllable. 

Pause. 

Pitch. 

(a)                (b) 

(a) 

(b) 

(l)  .495  sec. 439  sec. 

.112  sec.  .225  sec. 

Record  not  clear. 

b  higher  than  a 

(2)  .389    "    .385    " 

.116   " 

.298    " 

b>a(8);  b=a(3; 

b         "         "a 

(3)  415     "    451    " 

.147   " 

•195    " 

b>  a  (12);  b=a(i);  b  <a  (3) 

b        "         "a 

(4)  -379    "    -27*    " 

.223    " 

.496    " 

b>  a    (2);  b=a  (2);  b  <a  (10; 

b        "         "a 

(5)  -398    "    .34      " 

.148   " 

.203    " 

b>  a  (14);  b=a  (4);  b  <a  (i) 

b         "         "a 

(6)  .483    "    .374    " 

.151    " 

.293    " 

b>  a  (12;;  b=a(3);  b  <a  (i) 

b        "         "a 

(7)  .364    "    .411    " 

.116   " 

.146    " 

b>  a  (15);  b=aCi) 

a  298.9  vib. 
b  371.25  vib. 

*He  begins  after  each  inspiration  with  a  trochaic  grouping,  which  gradually  becomes  iambic  ; 
fluctuation  between  trochaic  and  iambic  grouping  is  characteristic  of  the  whole  series. 

TABI.E  XXII.— y?.  A. 


TIME. 

Intensity. 

Syllable. 

Pause. 

Pitch. 

(a)               (b) 

(a)             (b) 

(i)  .555  sec.  .362  sec. 

.437  sec.  .59  sec. 

b=a  (12) 

No  variations 

(2)  .486    "     .4S6    " 

4        "     432   " 

b>  a  (6);  b=a(4);  b  <a  (i) 

(3)  417    "     -293    " 

.323    "     -866  " 

b=a  (10) 

(4)  .398    "     .38      " 

.267    "     .745  " 

b=a(7);b  <a(3) 

(5)  .414    "     442     " 

.36      "     .431   " 

b=a  (12) 

(6)  .473    "     .437    " 

437    "     466  " 

b=a(i2) 

(7)  -582    "     .537    " 

4ir    "     -35     " 

b=a(8);b  <a(3) 

a  higher  than  b 

(8)  .51      "     .568    " 

•446    "     473  " 

b>  a(2);b=a(9);b  <a  (i) 

a  higher  than  b 

R.  A.,  as  a  rule,  gave  the  iambus  the  temporal  arrangement 
of  the  trochee;  exceptions  to  this  rule  were:  in  series  2,  (a)  and 
(b)  were  of  exactly  the  same  duration;  and  series  (5)  and  (8) 
showed  a  slight  lengthening  of  the  second  syllable  in  compari- 
son with  the  first.  When  intensive  subordinations  occurred, 
though  these  were  less  frequent  than  temporal,  (a)  was  more 
intense  than  (b),  except  during  part  of  series  (2)  and  (8), 
where  (b)  was  slightly  more  intense  than  (a).  Voice-fall,  if 
noticealale  at  all,  was  always  trochaic.  A  tendency  to  primary 
grouping,  through  making  the  pause  following  (a)  nearly  as 
long  as  that  following  (b),  was  characteristic  of  R.  A.'s  read- 
ing as  a  w^hole;  this  is  especially  true  of  series  (5),  (6),  (7) 
and  (8).  A  peculiarity  of  series  (7)  is  the  presence  of  a  longer 
pause  after  (a)  than  after  (b). 

With  //.  there  is  evidence  of  a  conflict  between  the  tendency 
to  give  the  more  natural  trochaic  grouping  and  his  desire  to 
read  as  asked.  The  temporal  arrangement  is  trochaic  in  series 
(i),  (2),  (4),  (5)  and  (6).  Intensive  subordinations  are  far 
more  frequent  than  with  7?.  A.;  part  of  every  series  has  an 
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iambic  arrangement  of  intensit3%  although  no  one  series  has 
this  arrangement  only.  The  voice-fall  throughout  is  that 
found  to  be  typical  of  the  iambic  grouping;  the  interval  is 
slightly  greater  than  in  the  trochee.  Here,  as  in  the  results 
obtained  from  the  trochaic  reading,  //. 's  reading  was  deter- 
mined by  intensive  and  qualitative  rather  than  by  temporal  sub- 
ordination. His  arrangement  of  pauses  [(b)  having  a  greater 
duration  than  (a)]  results  in  a  more  unitary  grouping  than 
the  arrangement  given  by  R.  A. 

With  the  exception  of  series  (4)  and  (5),  C.  D.  preserved 
the  characteristic  temporal  arrangement  of  the  iambus,  although 
the  difference  between  the  duration  of  (a)  and  (b)  was  not  so 
great  as  in  the  trochaic  reading;  there,  (b)  had  a  duration 
varying  from  one-half  to  one-third  that  of  (a),  while  here  the 
difference  never  exceeded  a  few  hundredths  of  a  second. 
Neither  is  the  relative  difference  in  the  duration  of  the  pauses 
so  great  as  with  the  trochee;  however,  the  subordination  of  the 
intervening  pause  to  the  succeeding  is  greater  than  in  H.'s 
reading,  and  markedlj'  greater  than  in  R.  A.'s.  While  the 
syllables  (a)  and  (b)  are  often  given  the  same  intensity,  the 
onl)'  cases  of  inversion  in  intensive  arrangement  are  found  in 
series  (5)  and  (6).  The  voice-fall  throughout  was  the  charac- 
teristic iambic.  C.  D.'a  reading  as  a  whole  was  characterized 
by  fewer  inversions  than  H.'a  and  greater  unity  in  the  group- 
ing than  R.  A.'s.  All  three  experienced  greater  difficulty  in 
rendering  the  iambic;  this  is  in  harmony  with  the  result  obtained 
by  Method  I. 

Total  for  Five  Series  of  Dactylic  Readings. 

The  problem  was  modified  by  requiring  the  emphasis  on  the 
first  syllable  and  every  third  following.  Four  arrangements  of 
the  syllables,  as  to  pitch,       («)  (.b)  (c)  (d) 


were  noted.    The  arrange-  -0-*-*^ 

ment  is  not  intended  to  denote  absolute  relations,  but  merely  to 

show  the  direction  of  variation. 


Table 

XXIII 

German. 

American. 

I. 

IV. 

VII. 

I. 

IV. 

VII. 

4 

0 

0 

Order (a) 

20 

5 

4 

Order (a) 

13 

18 

25 

"      (b) 

7 

30 

26 

"      (b) 

9 

2 

2 

"      (c) 

0 

3 

4 

"       (c) 

3 

10 

4 

"      W 

0 

0 

2 

"      (d) 

This  tabulation  does  not  account  either  for  the  irregular 
readings  or  for  the  ca.ses  of  inversion,  which  would  have  nearly 
an  obverse  arrangement.     In  the  reading  given  by  the  German 
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children,  it  is  to  be  observed  that  arrangement  (a)  occurs  only 
in  the  first  grade;  (c)  occurs  more  frequently  in  the  first  grade; 
(b),  the  commonest  form,  is  found  in  all  the  grades;  (d)  occurs 
more  frequently  in  the  higher  grades.  If  we  compare  the  read- 
ings of  the  American  with  those  of  the  German  children,  the 
greater  frequency  of  arrangement  (a)  in  the  reading  of  the  for- 
mer is  noticeable;  (c)  occurs  more  frequently  in  the  readings  of 
the  fourth  and  seventh  American  grades  than  with  the  Ger- 
mans; while  (b)  seems  in  the  great  majority  of  cases  to  be  the 
closest  grouping  obtained  by  the  Americans,  (d)  occurring  only 
twice,  and  then  in  the  seventh  grade.  This  shows,  even  more 
strikingly  than  the  results  obtained  in  the  trochaic  and  iambic 
readings,  the  greater  tendency  of  the  German  children  toward 
the  introduction  of  a  qualitative  determinant  into  the  simplest 
grouping. 

It  might  be  asked  whether  the  ascending  order  of  rhythmical 
grouping,  as  to  unity  and  complexity  of  the  rhythm,  is  in  the 
order  (a),  (b),  (c)  and  (d).  Does  (d)  give  a  more  unitary  im- 
pression than  (b)?  For  us,  (d)  is  a  much  more  satisfactory 
arrangement.     Cf.  the  discussion  of  pitch  below. 

Table  XXIV  (a). 
Pitch   Variations.     {Present.) 


I. 

IV. 

VII. 

13  p. 

I 

m. 

4i. 

0  ir. 

14  p. 

3  m. 

oi. 

I  ir. 

14  p. 

7  m. 

0  i. 

I  ir. 

G.  B. 

9P- 

I 

m. 

0  1. 

3ir. 

15  P- 

7  m. 

01. 

oir. 

21  p. 

2  in. 

0  1. 

I  ir. 

G.  G. 

op. 

I 

m. 

0  1. 

I  ir. 

13  P- 

2  in. 

2  1. 

oir. 

12  p. 

2  m. 

I  1. 

oir. 

A.  B. 

6  p. 

I 

m. 

I  1. 

0  ir. 

18  p. 

I  m. 

01. 

oir. 

12  p. 

3  m. 

2  1. 

oir. 

A.  G. 

28  p. 

4 

m. 

5i- 

4ir. 

60  p. 

13  m. 

2  i. 

lir. 

1 

59  P- 

14  m. 

3i- 

2  ir. 

Total. 

T.\BLE  XXIV  {b). 
Pitch   Variations.     {Absent.) 


I. 

IV. 

VII. 

I 

3 
18 
16 

I 
0 
5 
3 

0 
I 

3 
2 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

38 

9 

6 

Total. 

The  American  boys  of  the  first  grade,  and  three  of  the  girls, 
failed  in  every  attempt  to  produce  the  dactyl  and  the  anapaest, 
falling  into   an   unaccented   two-grouping,  a  weakly  accented 
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trochaic  or  an  irregular  primary  rhythm.  The  same  facts  come 
out  in  this  Table  as  were  observed  in  Tables  VII  and  XV. 

Table  XXV  (a). 
Intensity  Variations.     (Present?) 


I. 

IV. 

VII. 

9P- 

3  m. 

0  i. 

0  ir. 

13  P- 

2  m. 

0  i. 

I  ir. 

12  p. 

5  m. 

0  i. 

0  ir. 

G.  B. 

5P- 

2  m. 

0  1. 

I  ir. 

14  p. 

4  m. 

0  1. 

0  ir. 

14  p. 

5  m. 

0  1. 

0  ir. 

G.  G. 

2  p. 

0  m. 

0  1. 

4ir. 

II  p. 

I  m. 

3  1- 

0  ir. 

10  p. 

4  m. 

0  1. 

0  ir. 

A.  B. 

lo  p. 

5  m. 

0  1. 

0  ir. 

14  p. 

4  ni. 

0  1. 

0  ir. 

13  P- 

I  m. 

3  1- 

0  ir. 

A.  G. 

26  p. 

10  m. 

0  i. 

5  ir- 

52  p. 

II  m. 

3i- 

1  ir. 

49  P- 

15  m. 

3i- 

0  ir. 

Total. 

Table  XXV  ib). 
Intensity   Variations!'^  (Absent.') 


I. 

IV. 

VII. 

7 
8 

3 
4 

5 
6 

■  G.  B. 
G.  G. 

15 

9 

7 

4 

4 
2 

A.  B. 
A.  G. 

39 

18 

17 

Total. 

(i)  This  Table  shows  the  same  relations  between  age  of  in- 
dividual and  completeness  of  grouping  that  we  have  found  in 
the  others.  (2)  Inversions  are  less  frequent  than  in  the  case 
of  the  iambus.  (3)  The  intensity  relations  are  more  varied 
than  in  the  two-groupings.  As  a  rule,  the  second  was  less  in- 
tense than  the  third,  which  was  in  turn  less  intense  than  the 

first  ( " ');  having,  however,  no  accurate  means 

of  recording  these  differences,  we  cannot  give  the  different  ar- 
rangements as  accurately  as  in  the  case  of  pitch.  Cf.  results 
from  Method  II;  also  discussion  of  the  arrangement  found  by 
Bolton. 

Table  XXVI  (a). 

Time   Variations.     {Present.) 


I. 

IV. 

VII. 

10  p. 

0  m. 

0  i. 

0  ir. 

up. 

5  m.  oi. 

0  ir. 

12  p. 

6  m.  0  i. 

0  ir. 

G.  B. 

3P- 

0  m. 

0  1. 

0  ir. 

7P- 

I  m.  01. 

oir. 

15  P- 

8m.  oi. 

oir. 

G.  G. 

2  p. 

0  m. 

I  1. 

2  ir. 

12  p. 

4  m.  31. 

oir. 

II  p. 

6  m.  oi. 

oir. 

A.  B. 

ID  p. 

I  m. 

0  1. 

0  ir. 

12  p. 

7  m.  11. 

oir. 

14  p. 

I  m.  31. 

oir. 

A.  G. 

25  P- 

I  m. 

I  i. 

2  ir. 

42  p. 

17  ru.  4  i. 

oir. 

52  p. 

21  m.  3i. 

oir. 

Total. 
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Table  XXVI  (d). 
Time  Variations.     {^Absent.') 


I.                          \                       IV. 

VII. 

9 

16 
13 

3 
4 
3 
2 

4 

2 

3 
I 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

51 

12 

10 

Total. 

(i)  There  are  fewer  irregularities  in  the  temporal  than  in 
the  intensive  and  qualitative  arrangement.  (2)  The  parallel- 
ism between  increased  age  and  increased  frequency  of  differen- 
tiating marks,  found  in  all  the  other  Tables,  does  not  fail  here. 
_  There  were  a  number  of  temporal  arrangements  observed;  at 
times  the  first  seemed  as  long  as  the  second  and  third  together; 
then  the  first  appeared  only  a  trifle  longer  than  the  second,  and 
the  second  longer  than  the  third;  and  then  again  the  first  had 
the  greatest  duration,  the  third  came  next  in  order  of  duration, 
while  the  second  had  the  least.  These  results  were  objectively 
substantiated  by  the  results  of  Method  II.  Cf.,  for  further  dis- 
cussion, temporal  factor  in  rhythm. 

Table  XXVII. 


p. 

I. 

and  I.  present 
together. 

IV.            VII. 

T. 
I. 

and  I.  present 
together. 
IV.            VII. 

p. 

I. 

and  T.  present 
together. 
IV.            VII. 

4 
6 
0 

2 

1  3 

2  I 

I             I 
0            0 

0 
0 
I 
3 

1  0 

3                I 

2  I 

I                    I 

I 
2 
0 
0 

0             3 

2                    0 
0                    0 
0                     I 

G.  B. 
G.  G. 
A.  B. 
A.  G 

12 

4            5 

4 

7             3 

3 

2                  4 

Total. 

p.  T.  and  I. 

present. 

P. 

T. 

and  I. 

absent. 

I.               IV. 

VII. 

I. 

IV. 

VII. 

8               14 

14 

II 

4 

9 

0                16 

16 

15 

4 

9 

I                II 

10 

21 

II 

8 

5              16 

15 

17 

6 

4 

14 


57 


S.'J 


64 


25 


30 


It  is  interesting  to  note  how  much  more  complete  the  dactylic 
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grouping  is  than  the  trochaic  or  the  iambic.     P.,  T.  and  I 
variations  occur  together: 


In  the  trochaic  readings,  13         41 

In  the  iambic  readings,  8         40 

But  in  the  dactylic  readings,   14         57 


VII  Grades. 
51  times. 
43  times. 
55  times. 


The  greater  number  of  possible  arrangements  of  these  three 
factors  gives  a  variety  and  richness  of  content  impossible  in  the 
two-groupings. 

Table  XXVIII  (a). 

Position  of  Pause.     Americans. 

(Results  for  boys  and  girls  given  together.) 


I. 

IV. 

VII. 

44 

44 

37 

Total  Numbkr  of  Readings. 

8 
6 

12 
6 

12 

I 

2 

20 

18 

3 

0 

0 
20 
16 

I 

After  every  syllable. 
After  every  second  syllable. 
After  every  third. 
After  first  and  third. 
Absent  or  irregular. 

Table  XXVIII  (*). 

Position  of  Pause.     Germans. 

(Results  for  boys  and  girls  given  together.) 


I. 

IV. 

VII. 

44 

44 

37 

Total  Number  of  Readings. 

8 

I 

5 
8 
? 

I 

I 

II 

15 
? 

I 
0 

IX 

24 
? 

After  every  syllable. 

After  every  second  syllable. 

After  every  third. 

After  every  first  and  third. 

Absent  or  irregular. 

(i)  There  was  frequently  a  minor  pause  after  the  first  with 
a  longer  pause  after  the  third;  this  was  especially  true  of  the 
readings  of  the  children  of  the  upper  grades.  (2)  We  still  find 
instances,  notably  in  the  first  grade,  in  which  a  pause  occurred 
after  each  syllable;  generally  then  the  primary  rhythm  was  pro- 
duced, though  there  wei^e  instances  in  which  accented  syllables 
were  so  separated.  The  appearance  of  the  two-grouping  also 
marked  the  failure  of  the  younger  children  to  bring  the  three 
syllables  into  an  unity. 
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R.  A.     In  general  the   time  order  was ' ' 

— ' ;  but  in  series  ( i)  and  (2)  the  order  is 


this  order  was  often  present  in  the  breathing  rhythm, 
when  it  was  not  apparent  in  the  spoken  rhythm  synchronously 
given.  It  was  also  frequently  found  in  the  freer  readings  of 
Method  I.  The  difference  in  duration  of  the  pauses  was  very 
slight;  again,  as  in  the  iambic  readings  as  well  as  in  her 
breathing  rhythm,  we  see  evidence  of  a  very  loose  grouping,  at 
times  only  very  slightly  differentiated  from  the  primary.  As  a 
rule  the  shortest  pause  occurred  after  the  longsjdlable,  and  the 
longest  after  the  last.  This  arrangement  of  pauses  was  not 
found  in  the  readings  without  the  microphone. 

In  three  series  there  was  no  regular  intensity  variation.  The 
arrangement ' occurred  seven  times; 


four  times.  This  arrangement  was  scattered  through 

the  different  series.     Order " was  found  nine 

times.  Where  pitch  differences  were  present,  only  the  arrange- 
ments noted  as  (b)  and  (c)  were  found. 

H.  The  fewer  series  shown  for  H.  are  due  to  diflficulties 
arising  from  the  adjustment  of  the  microphone;  several  series 
were  illegible,  and  therefore  could  not  be  utilized.  The  ex- 
periments were  made  during  the  height  of  the  winter  season, 
and  sudden  changes  of  temperature  in  the  experimenting  room 
were  unfavorable  to  a  perfect  adjustment  of  the  microphone. 
In  series  (i)  and  (2)  we  have  an  unusual  arrangement  as  to 

time; ,  i.  e.,  the  second  syllable 

longer  than  the  first.    The  order  of  series  (3) 


was  frequent  in  R.  A.'s  reading;  it  is  the  only  order 
which  Bolton  and  McKay  and  Hurst  regard  as  characteristic 
of  dactj^lic  grouping.  Cf.  later  discussion.  The  order  given 
in  series  (i)  and  (2)  can  scarcel)^  be  regarded  as  natural;  it 
can  easily  be  accounted  for  by  the  resistance  of  the  microphone. 
This  was  greater  for  the  initial  syllable,  and  led  to  an  overes- 
timation  of  the  first  syllable  and  an  underestimation  of  the 
second;  and  a  temporal  inversion  was  the  result.  Intensive 
variations  were  not  as  frequent  as  in   the  trochaic  and  iambic 

readings.     The  arrangements  were ' noted    17 

times,  "  '  noted  3  times; " '  noted 

5  times.  There  were  10  instances  of  unaccented  readings  and 
one  case  of  inversion.  H.  always  had  a  marked  pitch  differ- 
ence, and  in  the  customary  direction. 

C.  D.  He  never  regulated  his  breathing  well;  one  group 
followed  another  with  scarcely  a  pause  between,  until  he  was 
finally  forced  to  stop  for  breath.  The  consequence  was  that 
the  last  syllable  of  the  secondary  group  was  cut  short;  this  fact 
is  brought  out  clearly  in  the  breathing  curve.  A  curious  in- 
version in  the  duration  of  the  pauses  occurred   in   series  (5); 
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otherwise  the  duration  of  the  pauses  followed  the  inverse  order 
of  the  sj'llables.  Variations  in  intensity  were  nearly  always 
present.     The  arrangements  were  the  same  as  those  found  in 

H.'s  reading;  " '  was  noted  seven  times,  " 

'  eight  times,  and ' ' 39  times.    There 

was  one  case  of  inversion  in  pitch  {cf.  last  series) ;  otherwise 
the  only  two  forms  noted  were  those  found  to  be  characteristic 
of  the  older  children  in  the  free  readings. 

Total  for  Five  Series  of  Anapaestic  Readings. 

In  a  general  way  the  anapaestic  grouping  was  the  obverse  of 
the  dactylic,  in  its  temporal,  intensive  and  qualitative  arrange- 
ments. 

Table  XXXII. 


German. 

American. 

I. 

IV. 

VII. 

I. 

IV. 

VII. 

0 

0 

0 

Order  (a) 

0 

0 

0 

Order (a) 

12 

19 

32 

"      (b) 

8 

27 

26 

"      (b) 

2 

2 

6 

"      (c) 

0 

3 

I 

"      (c) 

3 

19 

9 

"      (d) 

0 

I 

I 

"      (d) 

Arrangement  (d)  occurred  more  frequently  in  the  reading  of 
the  German  children;  this  is  in  harmony  with  all  the  results 
so  far  obtained.  Arrangement  (c)  appeared  very  seldom  even 
among  the  younger  children,  less  frequently  even  than  in  the 
dactylic  grouping.  Arrangement  (b)  is  most  frequent  with  all 
the  grades. 

Table  XXXIII  (a). 
Pitch   Variations.     (^Present.) 


I. 

IV. 

VII. 

5  P- 

3  m. 

7i- 

I  ir. 

12  p. 

2  m. 

I  i. 

oir. 

II  p. 

9  m. 

oi. 

I  ir. 

G.  B. 

IV- 

0  m. 

3  1- 

2  ir. 

15  P- 

7  m. 

1 1. 

oir. 

12  p. 

8  m. 

2  1. 

oir. 

G.  G. 

I  p. 

0  m. 

31- 

oir. 

II  p. 

0  m. 

41. 

oir. 

12  p. 

I  m. 

31- 

oir. 

A.  B. 

3  P- 

I  m. 

31- 

I  ir. 

14  p. 

2  m. 

2  1. 

I  ir. 

13  P- 

I  m. 

31- 

oir. 

A.  G. 

16  p. 

4  m. 

16  i. 

4ir. 

52  p. 

II  m. 

8i. 

I  ir. 

48  p. 

18  m. 

81. 

I  ir. 

Total. 

Table  XXXIII  {b). 
Pitch  Variations.     {Absetit.) 


I. 

IV. 

VII. 

3 

4 

I 

G.  B. 

4 

0 

2 

G.  G. 

17 

6 

2 

A.  B. 

13 

3 

3 

A.  G. 

37 

13 

8 

Total. 
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(i)  There  were  a  greater  number  of  large  intervals  recorded 
in  the  German  than  in  the  American  readings.  (2)  There 
were  more  cases  of  inversion  than  in  the  rendering  of  dactyls. 
(3)  Pitch  entered  less  frequentl}'  as  a  determinant  of  grouping 
than  in  the  dactyl. 


T.\Bi.E  XXXIV  (a). 
Intensity  Variations.     {Present.) 


I. 

IV. 

VII. 

6  p. 

5P- 
op. 

9P- 

7  m.  oi.  oir. 
4  m.  I  i.  I  ir. 
0  m.  I  i.  2  ir. 
3  m.  oi.  I  ir. 

9  p. 

I3P- 

TV- 

9P- 

4  m.  oi.  oir. 
2  m.  0  i.  oir. 
2  m.  5  i.  0  ir. 
2  m.  2  i.  3  ir. 

II  p. 

4  p. 

14  p. 

14  p. 

9  m.  oi.  I  ir. 
6  m.  0  i.  oir. 
I  m.  0  i.  oir. 
0  m.  I  i.  0  ir. 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

20  p. 

14  m.  2  i.  sir. 

38  P- 

10  m.  7  i.  3  ir. 

43  P- 

16  m.  I  i.  I  ir. 

Total. 

TABI.E  XXXIV  {b). 
Intensity  Variations.     {Absent.) 


I.  * 

IV. 

VII. 

5 

6 

I 

G.  B. 

5 

7 

15 

G.  G. 

17 

5 

3 

A.  B. 

13 

6 

4 

A.  G. 

40 

24 

23 

Total. 

The  number  of  inversions  in  intensity  was  less  than  in  pitch; 
but  intensive  variations  were  frequently  absent. 


Table  XXXV  (a). 
Time   Variations.     {Present.) 


I. 

IV. 

VII. 

I  p. 

2  p. 

1  p. 

2  p. 

I  m. 
0  m. 
0  m. 
3  m. 

0  i. 

1  i. 

3  i- 
0  i. 

oir. 
0  ir. 

0  ir. 

1  ir. 

8  p. 

I3P- 

9P- 

13  P- 

2  m.  0  i. 

3  m.  li. 
3  m.  3i. 
3  m.  11. 

I  ir. 
oir. 
0  ir. 
3ir. 

9  p. 
12  p. 
14  p. 
12  p. 

3  m.  0  i.  0  ir. 
8  m.  2  i.  I  ir. 
I  m.  oi.  oir. 
0  m.  2  i.  oir. 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

6  p. 

4  m. 

4i. 

I  ir. 

43  P- 

II  m.  si. 

4ir. 

47  P- 

12  m.  4  i.  I  ir. 

Total. 
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Table  XXXV  (b). 
Time  Variations.     {Absent.) 


I. 

IV. 

VII. 

17 

8 

10 

G.  B. 

13 

6 

5 

G.  G. 

17 

6 

3 

A.  B. 

17 

2 

5 

A.  G. 

64 

22 

23 

Total. 

Time  played  scarcely  any  part  in  the  anapaestic  grouping  of 
the  first  grade.  There  were  more  inversions  in  time  than  in 
intensity. 


Table  XXXVI. 


p.  and  I.  present 
together. 

I.          IV.          VII. 

T. 
I. 

and  I.  present 
together. 

IV.           VII. 

P. 
I. 

and  T.  present 
together. 

IV.          VII. 

II            5              5 
7           4              I 
003 
I           0              3 

0 
2 
0 

0 

2  0 
0               0 

3  2 
2                3 

0 
0 
2 

I 

2                0 
0                2 
2               0 
0                2 

G.  B. 
G.  G. 
A.  B. 
A.  G. 

19             9              12 

2 

7                5 

3 

4            4 

Total. 

p. 

T.  and  I. 

present. 

p. 

T. 

and  I. 

abse 

nt. 

I. 

IV. 

VII. 

I. 

IV. 

VII. 

I 

5 

9 

18 

13 

14 

G.  B. 

I 

II 

9 

14 

9 

16 

G.  G. 

0 

7 

8 

22 

15 

TO 

A.  B. 

4 

14 

9 

18 

8 

10 

A.  G. 

6 

37 

35 

72 

45 

50 

Total. 

P.,  T.  and  I  differences  occurred  less  frequently  than  in  any 
of  the  other  rhythms.  There  was  the  same  fading  or  weaken- 
ing of  the  distinctive  characteristics,  and  consequent  lack  of 
unity,  that  were  noted  in  the  iambic  grouping. 
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Position  of  pause.     Americans. 

(Results  for  boys  and  girls  given  together.) 
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I. 

IV. 

VII. 

44 

44 

37 

Total  Number  ok  Readings. 

II 
8 

9 

2 

12 

I 
I 

18 

16 

3 

2 
0 

20 
12 

2 

At  the  end  of  each  syllable. 
After  every  second. 
After  every  third. 
After  second  and  third. 
Absent  or  irregular. 

Table  XXXVII  {b). 
Grouping  by  means  0/ pause  alone. 


First  Grade. 

Germans. 

Americans. 

I 

I 
I 

7 
2 

3 

Pause  after  every  syllable. 
Pause  after  every  second. 
Pause  after  every  third. 

Table  XXXVII.  {c). 

Position  0/  Pause.     Germans. 

(Results  for  boys  and  girls  given  together.) 


I. 

IV. 

VII. 

44 

44 

37 

Total  Number  of  Readings. 

8 

I 
12 

5 
? 

2 
I 

13 
II 

? 

5 
0 

14 

9 

? 

After  each  syllable. 
After  every  second. 
After  every  third. 
After  second  and  third. 
Absent  or  irregular. 

This  Table  emphasizes  again  the  tendency  of  the  younger 
children  to  fall  into  either  a  primary  or  two  grouping,  when  at- 
tempting to  give  the  three  grouping.  The  large  number  of 
cases  in  which  the  only  differentiation  among  the  syllables  was 
that  effected  by  the  pause,  also  the  great  number  of  irregular 
cases,  proved  the  anapaest  to  be  the  most  difl&cult  arrangement 
among  tho.se  attempted. 

Results  from  the  Anai)cestic  Readings  by  Method  II. 

While  C.  D.  preserved  with  but  few  exceptions  the  cus- 
tomary order,  the  longest  and  loudest  coming  last  in  the  group, 
the  differences  (temporal  and  intensive)  are  not  so  marked  as 
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in  the  reading  of  the  dactyl.  Series  (4)  has  a  partly  inverted 
time  order  (the  long  syllable  taking  second  instead  of  third 
place  in  the  group).     The  first   three  series  have  the  order 

;    only    the   last   series  has  the  order 

,  w^hich  Bolton  regards  as  typical.  There 

were  eight  instances  of  inversion  in  the  arrangements  of  the  in- 
tensities; five  instances  of  an  entire  absence  of  intensive  subordi- 
nation. The  arrangement  most  frequently  given  was 

',  which  occurred  thirty  times;  arrangement  ' 

was  noted  eight  times;  and ' "  eight  times. 


There  were  no  inversions  in  pitch. 

H.'s  rhythm  was  from  the  first  determined  by  the  intensive 
and  qualitative  factors.  Here  we  notice  that  the  characteristic 
intensive  arrangement  of  the  anapsest  is  preserved:   the  order 

'  was  most  frequent,  occurring  forty-six  times. 

There  are  only  two  cases  of  partial  inversion,  in  which  the  first 
syllable  received  the  same  accent  as  the  third.  H.  varied  less 
than  C.  D.  from  the  normal  intensive  arrangement;  but  in  the 
temporal  arrangements,  only  the  third  series  can  be  said  to  have 
the  characteristic  anapaestic  order.    The  order- 


occurred  in  three  series,  and  order in 

two  series;  both  of  these  are  dactylic  arrangements.  The  time 
differences  were  too  slight  to  aiiect  the  general  character  of  the 
rhythm.  These  cases  of  conflict  are  interesting,  as  showing 
how  completelj'  a  rhythm  may  be  governed  by  one  or  two  fac- 
tors. Such  a  rhythm,  however,  lacks  the  unity  and  complete- 
ness that  belong  to  a  grouping  where  all  the  factors  reinforce 
one  another. 

In  the  reading  of  R.  A.,  the  pauses  and  syllables  had  nearly 
the  same  duration.  Series  (5)  and  (6)  present  almost  perfect 
cases  of  the  rhythm  designated  in  the  involuntary  grouping  as 
case  4,  z.  <?. ,  a  succession  of  three  syllables  equal  in  intensity, 
in  duration  and  in  pitch,  separated  by  equal  intervals,  but  dis- 
tinguished as  a  group  from  the  syllables  following  by  the  longer 
interval  after  the  third  syllable.  This  is  but  one  remove  from 
a  primary  rhythm.  The  lack  of  unity  in  the  grouping,  the 
preservation  of  the  primary  rhythm  within  the  complex,  is 
clearly  shown  in  R.  A.'s  breathing  curve:  each  syllable  corre- 
sponded to  an  expiration,  each  pause  to  an  inspiration.  The 
inspiration  corresponding  to  the  pause  after  everj^  third  syllable 
was  longer  than  the  inspirations  corresponding  to  the  first  and 
second.  There  were  very  few  instances  in  which  one  syllable 
was  subordinated  to  another  in  intensity;  but  in  those  cases  the 
characteristic  anapsestic  arrangement  was  inverted,  in  every  in- 
stance but  one  (the  arrangements  were  either ' , 

which  occurred  seven  times,  or ' ' ,  which  occurred 

four  times).  The  single  series  in  which  a  variation  of  pitch  was 
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observed  gave  the  curious  arrangement  — #  #  ^    .      Cf.  section 
on  Pitch.  •" 

The  frequent  inversion  in  the  reading  of  all  three,  the  ten- 
dency oi R.  A.  to  pass  over  to  an  entirely  unmodified  or  pri- 
mary rhythm,  and  the  conflicts  between  (or  absence  of)  differ- 
entiating marks  in  the  readings  of//,  and  C.  D.,  point  to  an 
inherent  difficulty  in  the  anapaestic  arrangement. 

§  3.     Summary. 

Two  main  problems  now  present  themselves,  (i)  We  must 
enquire  into  the  arrangement  of  the  different  rhythmical  forms 
in  order  of  psychological  complexity,  using  the  facts  brought 
out  in  the  experiment  as  a  basis  for  classification  and  finding, 
if  we  can,  an  adequate  psychological  explanation  for  this  order. 
(2)  We  must  collate  the  data  with  reference  to  the  objective 
factors  which  determine  the  grouping,  and  consider  their  mean- 
ing for  consciousness. 

1.  Does  the  order  of  increasing  difficulty  run  parallel  with 
that  of  increasing  rhythmical  perfection, — rhythmical  perfec- 
tion connoting  unitariness  of  impression  for  the  hearing  sub- 
ject ?  The  predominance  of  the  primary  grouping  in  the  free 
reading  of  the  younger  children  would  indicate  a  separateness 
of  each  syllable  or  impression  in  the  early  consciousness.  There 
are  .several  forms  in  which  a  tendency  towards  a  primary 
rhythm  can  be  discovered  in  the  restrained  readings  of  the  same 
children.  It  appears  in  the  form  of  equal  pauses,  regularly  re- 
curring after  each  syllable, — although  these  syllables  differ 
regularly  among  themselves,  as  to  duration,  intensity,  or 
pitch;  again,  in  a  rhythm  of  the  same  character  as  the  former, 
but  lacking  the  regular  recurrence  of  differences, — one  syllable 
being  raised  above  the  other  at  />r^<,'7//ar  intervals;  and,  finally, 
in  the  primary  rhythm  in  which  the  syllables  do  not  differ  per- 
ceptibly as  to  duration,  intensity  or  pitch.  These  appear  to  be 
retrogressive  stages  which  the  complex  forms  undergo,  result- 
ing in  a  gradual  loss  of  their  unitary  character  through  the 
fading  out  of  their  distinctive  marks;  till  at  last  the  primary 
form,  the  simple,  disconnected,  although  regular  succession  of 
one  sensation  after  another  is  reached.  The  result  seems  to  be 
due  to  a  gradual  blunting  of  the  sensible  discrimination,  a 
blunting  which  at  times  is  objectively  conditioned  by  the  slow 
rate  of  succession.  A  comparison  of  two  syllables,  relatively 
easy  when  the  syllables  succeeded  each  other  at  such  a  rate 
that  both  fell  within  the  limits  of  immediate  time  perception, 
would  be  more  difiicult  at  a  slower  rate  of  succession.  Why, 
then,  does  this  slow  rate  of  succession  appear  ?  It  follows  both 
from  the  inability  to  attend  to  more  than  one  syllable  at  a  time, 
i.  e.,  from  an  extreme   narrowness  of  the  range  of  attention; 
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and  from  the  slowness  with  which  the  attention  of  the  young 
child  functionates,  /.  e.,  the  longer  time  necessary  to  bring  any 
impression  into  the  focus  of  attention.  This  retardation  doubt- 
less arises  through  lack  of  inhibitory  control.  These  facts  are 
shown  more  clearly  in  the  Tables  for  the  time  of  a  whole  series. 
[Tables  XLII  (a)  and  (z^).] 

Under  experimental  conditions,  the  strained  attention  of 
adults  has  been  found  to  cover  forty  impressions  succeeding  one 
another  at  a  rate  of  from  .2  to  .3  sec;  but  these  results,  repre- 
senting as  they  do  the  maximal  value  for  trained  adults,  can- 
not be  approximated  in  the  case  of  children.  Moreover,  in  the 
figures  given  by  Wundt^  the  range  does  not  exceed  five  units 
(each  unit  containing  eight  beats)  or  eight  units  (each  unit 
containing  two  beats).  An  iinit  made  up  of  several  impressions 
is  nearly  as  readily  perceived  as  the  simple  uncompounded 
unit;  this  is  of  course  dependent  upon  the  completeness  of  unity. 
Bolton's  Subject  9  found  that  he  could  not  hold  more  than 
eight  or  nine  clicks  together.  Apparently,  the  range  of  atten- 
tion for  adults  does  not  exceed  eight  separate  units;  with  the 
young  child  one  or  at  best  two  separate  impressions  or  units 
seem  to  be  the  limit. 

The  errors  arising  from  the  reading  of  the  difierent  restrained 
forms  by  Method  I,  made  as  they  were  by  so  many  individuals, 
have  considerable  weight  in  settling  the  question  of  the  psy- 
chological priority  of  the  two  over  the  three  grouping.  For 
that  reason  they  have  been  brought  together  in  tabular  form. 
They  are  errors  in  the  sense  that  they  are  deviations  from  the 
normal  manner  of  reading  and  are  due  to  inversions  of  one  or 
all  of  the  objective  determinants  of  rhythm,  or  to  general 
irregularities. 

Table  XLI. 

First  Grade. 


Germans. 

35 

Readings. 

Americans.    46  Readings. 

Trochee, 
Iambus, 
Dactyl, 
Anapaest, 

I  failure. 
12       " 

4       " 
15       " 

17  failures. 
22         " 
24 
33 

Fourth  Grade. 

Germans. 

41 

Readings. 

Americans.    43  Readings. 

Trochee, 
Iambus, 
Dactyl, 
Anapaest, 

4  failures. 

4 

I         " 

3 

0  failures. 
15 

4 
12         " 

^Outlines,  Eng.  Translation,  pp.  214  ff. 
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Seventh  Grade. 


Germans.    49  Readings. 


Trochee,  i   failure. 

Iambus,  7         " 


Dactyl, 
Anapaest, 


Americans.    39  Readings. 

3  failures. 
6 

5         " 
7 


The  American  boys  of  the  first  grade  and  three  of  the  girls 
failed  in  every  attempt  to  produce  the  dactyl  and  anapaest. 
The  preference  for  (and  priority  of)  the  two  over  the  three 
group  has  been  brought  out  in  nearly  all  of  the  investigations 
that  have  touched  upon  the  question.  Miss  Smith^  reports  an 
apparent  exception,  in  which  the  subject  always  chose  a  three- 
grouping;  but  it  is  to  be  remembered  that  not  only  was  the 
subject  an  adult,  who  had  doubtless  made  some  strong  associa- 
tion with  the  three-grouping,  but  the  purpose  of  the  experi- 
ment was  the  investigation  of  the  effects  of  the  different 
rhythms  upon  the  memorizing  of  nonsense  syllables.  It  can  be 
readily  understood  that  the  three-grouping,  because  it  broke 
the  total  number  of  impressions  into  fewer  unities,  might  be  more 
advantageous  for  memorizing  than  a  two-grouping;  this  in- 
stance cannot  therefore  be  regarded  as  an  exception  to  the  rule 
that  the  two-group  is  psychologically  simpler  than  the  three- 
group.  Kuelpe^  accounts  for  the  greater  ease  with  which  even 
numbers  of  impressions  are  compared  than  odd  by  the  natural 
tendency  to  a  two-grouping,  although  he  does  not  explain  this 
tendency.  Bolton's'  subjects  had  the  prevailing  tendency  to 
group  by  twos  or  fours  (which  latter  is  merely  a  doubling  of  the 
two-grouping).  In  our  later  experiments  with  adults  on  the 
influence  of  pitch  variations,  whenever  there  was  no  objective 
difference  between  the  sounds  and  subjective  grouping  took 
place,  the  grouping  was  always  by  twos  or  multiples  of  two. 
The  three-grouping,  which  Bolton  was  able  to  suggest  to  a  few 
subjects  did  not  once  occur  with  ours,  although  series  of  equal 
sounds  were  alternated  in  every  experiment  with  series  that 
were  objectively  grouped  in  threes.  This  suggestion  should 
have  been  strong  enough  to  have  brought  about  a  three-group- 
ing, if  mere  suggestion  was  sufficient.  Lanier*  says:  "  I  think 
no  subject  in  the  history  of  aesthetics  is  so  curious  as  the  over- 
powering passion  of  the  English  ear  for  a  three  rhythm  [the 
two-group]  as  opposed  to  the  four  rhythm  "  [the  three-group]. 
From  our  father  Caedmon  through  all  the  wonderful  list  down 

^  Op.  cit.y  p.  217. 

^Grundriss  der  Psychologic,  1893,  p.  409. 

3  Op.  cit.,  p.  216. 

*  op.  cit.,  p.  41. 
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to  the  present  day,  every  long  poem  and  nearly  every  import- 
ant short  poem  in  the  English  language  has  been  written  in 
some  form  of  the  three  rhythm  "   [the  two-group]  .^ 

There  can  be  no  question  but  that  the  two-group  is  psycho- 
logically prior  to  the  three-group.  Why  should  this  be  the 
case?  Numerous  answers  are  given.  Some  explain  that  the 
two-group  falls  within  the  bounds  of  the  natural  period  of  at- 
tention. But  the  three-group  has  a  shorter  duration  than  the 
two,  and  would  therefore  more  certainly  fall  within  the  required 
bounds.  An  explanation  in  harmony  with  Buecher's  theory 
must  seek  to  derive  the  fact  of  a  psychological  simplicity  of  the 
two-rhythm  from  its  more  frequent  use  in  the  work  of  primi- 
tive man.  Others  explain  this  preference  for  the  two-rhythm 
as  due  to  its  accordance  with  the  bodily  rhythms,  the  expira- 
tion and  inspiration  of  respiration,  the  diastole  and  systole  of 
the  heart,  and  the  swing  of  the  right  and  left  leg  in  walking. 

There  is  no  one  principle  which  satisfactoril}^  explains  the 
preference  for  the  two-rhythm;  but  there  are  both  psychologi- 
cal and  physiological  grounds  for  this  preference.  That  w^e  can 
think  (and  use  in  practical  life)  a  large  variety  of  combinations; 
while  we  are,  as  a  matter  of  fact,  restricted  to  some  form  of  two 
or  three  grouping,  or  their  multiples,  in  rhythmical  combina- 
tions; is  due,  we  may  suppose,  to  the  relativity  of  our  sensible 
discrimination  for  intensities.  At  most  we  can  directly  com- 
pare but  three,  and  two  intensities  are  compared  with  greater 
ease  and  exactness.  This,  then,  gives  us  one  reason  for  the 
preference  of  the  two-rhythm.  Moreover,  a  two-grouping  is 
reinforced  by  all  of  the  bodily  rhythms  which  fall  into  unison 
with  any  two-rhythm.  Thus  what  is  psychologically  most 
simple  is  also  most  in  harmony  with  the  physiological  mech- 
anism. 

Is  one  form  of  the  two-rhythm  psychologically  more  simple 
than  another  ?  Does  the  accent  fall  on  the  last  syllable  as 
readilj^  as  on  the  first  ?  The  experimental  results  would  indi- 
cate, especially  in  the  case  of  the  younger  children,  that  the 
accent  falls  most  naturally  on  the  first  syllable:  cf.  the  great 
number  of  cases  in  which,  when  the  iambic  reading  was  re- 
quired, the  trochaic  was  given.  Other  results,  beside  the  pro- 
portion of  failures  in  the  trochaic  and  iambic  readings,  point  to 
the  earlier  perfection  of  the  trochaic;  temporal  subordination 
was  not  as  marked  in  the  case  of  the  iambus  as  in  that  of  the 
trochee.  There  were  also  a  greater  number  of  temporal  inver- 
sions.    The  first  grade,  in  their  attempt  to  render  the  iambus, 

^  Lauier  used  a  peculiar  notation  based  upon  the  musical :  the  tro- 
chee and  iambus  have  according  to  this  notation  three  time  units,  the 
long  (equal  to  two  short)  plus  a  short. 
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reverted  very  frequently  to  a  grouping  characterized  only  bj' 
the  pause  (either  in  the  form  of  the  primary  rhythm  or  of  the 
spondee).  The  pitch  intervals  for  the  iambus  were  smaller 
than  for  the  trochee,  and  intensity  differentiations  were  also 
less  frequent.  Both  often  decreased  in  the  course  of  the  read- 
ing; this  no  doubt  was  the  result  of  the  gradual  withdrawal  of 
the  attention  from  its  unnatural  position  on  the  second  sylla- 
ble, and  in  the  cases  of  complete  inversion  to  focusing  of  the 
attention  on  the  first  syllable  of  the  group.  Wundt^  regards  the 
iambus  and  trochee  as  equally  simple  p.sychologically;  but  in 
the  face  of  experimental  facts  to  the  contrary  his  view  can 
hardly  be  maintained.  Bolton^  found  that  the  first  sound  in 
the  two  grouping  was  accented.  The  second  could  be  accented 
by  suggestion,  but  no  subjects  would  agree  that  it  was  the 
natural  accent.  The  experiments  show,  however,  that  the 
great  difference  between  the  ease  and  correctness  with  which 
the  trochee  and  iambus  are  rendered  decreases  with  increasing 
years,  until  a  few  children  of  the  fourth  and  seventh  grades 
appeared  to  prefer  this  grouping.  Meumann,^  although  he 
agrees  with  Wuudt  as  to  the  simplicity  of  the  iambus,  gives  us 
a  partial  explanation  for  the  trochaic  being  the  more  natural 
grouping.  "  Central  adaptation  is  more  rapid  when  the  first 
introduction  of  a  rhythmical  motive  is  powerful."  Thus  the 
strengthening  of  the  first  part  of  the  foot  gives  any  grouping  a 
greater  efiicacy  for  reproduction.  Ettlinger,'*  who  regards  ac- 
cent as  due  to  the  influence  of  a  backward  moving  force  in  its 
inhibition  of  the  forward,  finds  the  trochaic  the  most  natural 
grouping  because  the  influence  of  the  inhibitory  force  is  strong- 
est immediately  after  the  pause.  When  Ettlinger's  theory  is 
put  in  terms  of  attention,  the  explanation  of  the  natural  prefer- 
ence of  the  trochee  is  that  the  first  sound  following  the  pause 
receives,  by  virtue  of  contrast  with  silence,  greater  attention 
than  the  second  sound.  Thus,  even  when  not  objectively  ac- 
cented, it  receives  a  subjective  stress  as  a  result  of  the  clear- 
ness with  which  it  is  focused  by  the  attention. 

Riemann^  derived  the  three-group  from  what  he  considered 
the  most  perfect  form  of  the  two-group, — one  in  which  the  long 
was  equal  to  two  short.  These  three  equal  time  units  are  the 
basis  for  the  three-grouping.  But  this  is  not  necessarily  the 
most  perfect  form  of  the  two-group.  On  the  contrary,  the  pro- 
portion of  two  to  one  does  not  seem  to  be  natural  ((/".  Tables). 

^  Grundziige,  II,  p.  86. 

"^Op.  Cit.,  p.   222. 

^  Op.  cit.,  p.  299. 

*Zur  Grundlegung  einer  ..^sthetik  desRhythmus,  Zeitschrift,  XXII, 
p.  187. 

^  Musik-Lexicon,  Article  Metrik  (quoted  by  Meuraann). 
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The  time  relations  as  shown  by  the  experiment  were  not  so 
simple  as  Riemann's  theory  would  lead  us  to  expect.  And  it 
is  not  necessary  to  derive  the  three  group  from  the  two;  it  is 
more  probably  an  original  form,  as  original  as  the  other. 

The  experimental  results  point  conclusive!}'  to  the  priority 
of  the  dactylic  form.  The  difference  in  number  of  errors  in  the 
readings  by  the  younger  children  of  the  dactyl  and  anapaest 
was  marked.  The  anapaest  was  far  more  frequently  inverted 
and  given  as  a  dactyl,  than  the  dactyl  as  anapaest.  Bolton's 
subjects  heard  the  first  sound  in  the  three-grouping  as  strongly 
accented.  Occasionally,  a  subject  found  it  easier  to  accent  the 
second  more  than  the  first,  but  this  did  not  seem  to  be  the  nat- 
ural way.  The  reason  given  above  for  the  preference  of  the 
trochee  over  the  iambus  would  hold  for  the  preference  of  the 
dactyl  over  the  anapaest. 

The  process  of  inversion  was  best  illustrated  in  anapaestic 
grouping;  it  was  also  much  more  frequent  here.  A  peculiar 
arrangement  of  intensities  which  Ettlinger^  cites  in  an  alto- 
gether different  reference  can  be  best  explained  as  a  stage  in 
the  process  of  inversion.  He  afiirms  with  Riemann  that  the 
greater  intensity  comes  at  the  beginning  and  not  at  the  end  of 
the  long  syllable.    Thus  a  grouping  , ,  ,  ,,  , 

in  the  form  r:^  =— 

could  arise  from  a  strong  tendency  to  give  the  first  sound  the 
greater  intensity.  These  forms,  in  which  temporal  and  inten- 
sive relations  are  in  conflict,  are  not  stable  or  regular  forms,  as 
Ettlinger  seems  to  regard  them.  They  are  undoubtedly  first 
stages  in  the  process  of  inversion,  which,  if  the  rhythm  were 
continued  long  enough,  would  finally  give  the  more  natural 
arrangement  of  the  dactyl,  in  which  the  greatest  intensity  and 
duration  are  given  to  the  same  sound.  Such  forms  as  these 
frequently  occurred  in  the  rendering  of  the  iambus  and  anapaest 
by  the  children,  and  were  always  then  considered  as  cases  of 
partial  inversion.  This  also  agrees  with  our  observation  that 
pitch  and  intensity  are  less  stable  than  time;  when  inversion 
is  not  complete,  pitch  and  intensity  are  the  first  to  become 
inverted, — the  accent  then  passing  over  to  the  first  sylla- 
ble,— while  the  temporal  arrangement,  being  more  stable,  re- 
mains as  at  first;  although  it,  as  a  rule,  also  shifted,  if  the 
rhythm  were  continued  long  enough,  until  the  longest  and 
strongest  were  no  longer  in  opposition.  Another  and  more 
common  form  of  inversion,  in  which  the  temporal  and  inten- 
sive arrangement  shifted  at  the  same  time,  was  apparently 
effected  by  a  gradual  change  in  the  position  of  the  pause ; 
at  no  time  in  the  process  was  there  a  conflict  between   the 

1  Op.  cit.,  p.  183. 
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intensive  and  temporal  order.  Eberhardi^  has  reported  a  simi- 
lar occurrence:  with  the  form  f  j*  f      j*  f  M  °^'  f  f  f      f  f  f 

long  repeated,   the  form    f  |*  f      \    \    f      resulted.     "  Bei  sehr 

laugsamen  Rhythmen  verscliwindet  dagegen  die  Zusammen- 
fassuug  mehr  und  mehr;  an  die  Stelle  der  Trennung  der  Grup- 
pen  tritt  ein  allmaehliches  Uebergehen  von  der  eitien  Gruppe 
zur  anderen,  vermittelt  durch  das  letzte  Glied  jeder  Gruppe, 
auf;  das  letzte  Glied  wird  dauu  als  Auftakt  angeseben  und  als 
soldier  enger  mit  dem  ersten  Glied  der  naechsten  Gruppe 
verbunden." 

The  form  which  Wundt'  considers  the  earliest  three  group- 
ing (the  amphibrach)  was  never  observed  during  the  course  ot 
the  experiment,  either  with  children  or  adults;  although,  par- 
ticularly with  the  adults,  the  possibilit}'  of  such  an  arrangement 
was  given,  as  will  be  seen  in  the  later  discussion  of  the  method 
used.  For  this  reason  a  special  investigation  with  twenty- 
eight  seventh  grade  children  was  made,  in  which  this  form 
among  others  was  directly  requested.  The  children  were  asked 
to  emphasize  the  second  and  fifth  syllable  on  each  line.  With 
one  exception  they  invariably  declared,  before  reaching  the  end 
of  the  first  line,  that  they  were  unable  to  read  it  in  that  way, 
and  being  asked  to  try  again  threw  the  five  lines  either  into  a 
form  something  like  this  -^  —  |  ^^  ^^  —  |^./or^~-^|  —  >s_xv^| 
—  ^^  I  .  Often,  by  avoiding  a  pause  at  the  end  of  a  line,  they 
were  able  after  a  line  or  two  to  give  the  remainder  entireh'  in 
a  dactylic  or  anapaestic  rhythm.  Some  could  find  no  rhythm, 
and  the  result  was  a  perfectly  irregular  rendering,  with  an  oc- 
casional syllable  louder  and  longer  than  the  others.  One  child 
out  of  twenty-eight,  a  girl  of  twelve,  gave  the  grouping  with- 
out the  slightest  hesitation.  She  read  unusually  rapidly  and  in 
an  animated  manner.  It  might  be  conjectured  that  the  chil- 
dren failed  on  this  form  because  they  had  already  practiced  the 
other  forms;  but  for  this  experiment  children  were  selected  who 
knew  nothing  of  the  previous  experiment,  in  order  that  the 
effect  of  practice  should  not  prejudice  the  results.  The  usual 
proportion  of  inversions  was  noted  in  the  reading  of  the  other 
forms.  But  even  then,  the  disparit}'-  between  the  results  for 
the  anapaest  (the  most  difficult  of  the  three  group),  with  four 
inversions  out  of  twenty-eight  readings,  and  the  amphibrach 
with  twenty-seven  failures  out  of  twenty-eight  readings,  proves 
conclusively  the  artificial  and  unnatural  character  of  the  latter 
grouping. 

1  Zwei  Beitrage  zur  Psvchologie  des  Rhythinus  u.  desTempo.  Zeitsch. 
fiir  Psy.,  XVIII,  p.  126.' 

^Grundziige  der  physiol.  Psych.,  1893,  4te  Aufl.,  II,  p.  86. 
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The  results  so  far  obtained  are  not  in  harmony  with  Miss 
Smith's  statement^  that  there  is  no  such  thing  as  a  poor  rhythm; 
that  rhythm  either  is  present  as  a  complete  and  perfect  form, 
or  vanishes  entirely.  There  are,  on  the  contrary,  several  clearly 
defined  stages  or  degrees  of  rhythmical  perfection  or  unitari- 
ness.  While  E.  A.  Poe,  in  his  Rationale  of  Knglish  Verse, 
derives  rhythm  from  an  improbable  source  (the  pleasure  due 
to  equalities;  the  simple  ear  preferring  simple  equalities,  the 
practiced  compound  equalities),  his  order  of  genesis  agrees  in 
several  particulars  with  that  which  the  results  of  the  experi- 
ment have  led  us  to  make.  Poe  regarded  the  rudimentary  form 
of  verse  as  the  spondee;  later  came  a  collection  of  two  spon- 
dees; a  third  step  was  the  juxtaposition  of  three  words;  and 
monotony  finally  led  to  the  employment  of  accent.  But  the 
experiments  seem  to  indicate  ( i  )  that  the  earliest  rhj'thm  is  even 
simpler  than  the  two-group  of  Poe;  that  what  has  been  termed 
the  primary  rhythm  is  the  simplest  and  earliest  form,  (a)  This 
is  modified  by  the  introduction  of  irregularly  recurring  accents. 
Boehme  considers  this  the  characteristic  arrangement  of  chil- 
dren's verse. '^  "Das  Kind  kenut  (wie  das  Volk)  in  seiner 
Ditchtung  kein  jambisches  oder  trochaisches  Versmass,  son- 
dern  zahlt  bloss  die  Hebungen,  d.  h.,  die  betonten  Silben  in 
jeder  Zeile;  zwischen  die  Hebungen  treten  dann  die  Senkun- 
gen  (die  unbetonten  Silben),  je  eine,  oder  zwei  oder  keine, 
denn  die  Senkung  darf  auch  fehlen.  Herrschend  tritt  ins  Kin- 
derreim  das  sogenannte  trochaische  Mass  auf." 

(2)  Next  in  order  comes  the  simplest  two-group,  the 
spondee;  two  syllables  of  equal  intensity,  duration  and  pitch, 
separated  from  the  two  following  by  a  longer  pause  than  that 
intervening  between  each  pair  of  syllables,  (a)  A  trochaic 
arrangement  of  the  variants,  z.  e.,  the  accent  on  the  first  sylla- 
ble. This  has  a  number  of  possible  degrees  of  perfection;  in 
its  completest  form  the  last  syllable  would  be  subordinated  to 
the  first,  not  only  in  intensity,  but  also  in  duration  and  in  pitch. 
(^)  The  second  syllable  accented  or  iambic  arrangement  of  the 
variants.  There  is  considerable  variation  in  the  results;  for 
some  the  dactyl  is  undoubtedl}'  easier  than  the  iambus,  but  on 
the  whole  we  should  probabl}'  be  justified  in  regarding  the 
iambus  as  naturally  preceding  the  dactyl. 

(3)  The  three-group.  The  unaccented  form  is  very  rare; 
it  is  questionable  if  the  group  ever  occurs  without  the  presence 
of  a  very  slight  accent  upon  one  syllable,  (a)  The  dactyl  is 
undoubtedly  the  simplest  three-rhythm.  (b)  The  anapaest 
comes  next  to  the  dactyl  in  order  of  difficult5^     (c)  The  form 

^  Op.  cit.,  p.  292. 

'^Deutsches  Kiuderlied  uud  Kinderspiel,  Leipzig,  1897,  p.  8. 
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which  Wundt  regards  as  the  origiual  form  of  the  three-group, 
if  admitted  at  all,  must  be  regarded  as  the  most  difficult. 
These  are  all  three  capable  of  great  variety  in  arraugement 
through  variations  of  the  different  objective  factors. 

2.     The  Objective  Factors:   Their  Arrangement 
AND  ITS  Significance. 

To  the  mooted  question  of  the  importance  of  a  teniptjral  fac- 
tor in  rhj'thm,  L,anier^  replied  that  "  primordial  teraporalness  is 
always  necessary,"  and  again:  "  the  office  of  accent  cannot  be- 
gin until  after  rhythm  is  established:  when  accent  maybe  used 
to  suggest  various  secondary'  arrangements  of  the  primary 
rhythmic  material;  but  this  office  is  still  absolutely  dependent 
upon  time  or  duration,  the  sole  use  of  accent  being  that  it  re- 
curs at  stated  inlervals  of  lime."  Certain  poetry,  as  Ten- 
nysoti's  "Break,  break,"  is  dependent  for  its  effect  upon 
measured  silences,  and  must  therefore  be  clearly  independent 
of  accent.  "  If  the  rhyihm  were  struck  by  a  machine  incapa- 
ble of  intensity  or  pitch  difference  the  rhythm  would  still  be 
pleasing."  Ettlinger^  states  that  the  order  of  grouping  is  al- 
ways dominated  by  the  temporal  factor.  These  statements  of 
Lanier  and  Ettlinger  are  quite  different  in  their  bearing.  '  Pri- 
mordial temporalness,'  or  in  other  words  regularity  of  succes- 
sion, characterizes  even  the  simplest  or  the  primary  rhythm. 
Without  it  perception  of  rhythm  fails  (although  Miss  Smith* 
has  shown  that  slight  objective  irregularities  do  not  disturb  the 
rhythm,  she  does  not  prove  that  subjective  regularity  of  im- 
pressions was  not  present).  Temporalness,  in  its  connotation  of 
regular  succession,  is  the  basal  principle  of  rhythm.  This,  how- 
ever, is  quite  another  thing  than  saying  that  the  character  of 
the  grouping  is  dependent  upon  the  time  order.  Temporal 
changes  can  alone  (intensity  and  pitch  remaining  constant) 
produce  a  pleasing  rhythm,  as  has  been  shown  in  the  results  of 
the  experiments;  but  intensive  co-ordination  (the  temporal  re- 
lations remaining  constant)  can  also  produce  a  rhythm.  When 
time  and  intensitj'  conflict,  for  example,  when  the  shorter  is  the 
stronger,  it  is  a  question  whether  the  long  or  the  strong  syllable 
will  dominate  the  grouping.  The  results  of  the  experiments 
on  pitch  would  indicate  that  under  certain  conditions  the  ob- 
jectively long  may  appear  shorter  and  unaccented.  Meumann 
says*  that  the  long  syllable  becau.se  of  its  greater  volume  of 
sound  draws  the  attention  to  it.  and  is  therefore  fitted  to  intro- 
duce a  subjective  accent.    On  the  other  hand,  it  is  equally  true 


^  Op.  cit.,  pp.  65,  103,  loi. 
2(9/).  cif..,  p.  182. 
^  Op.  cit.,  p.  123. 
*  Op.  cit.,  p.  404. 
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that  the  objectively  strong  syllable,  by  virtue  of  that  fact,  is 
focused  by  the  attention  and  receives  a  subjective  accent.  It 
Mould  seem  as  if  any  change,  either  temporal  or  intensive,  by  the 
very  fact  of  change  and  through  the  increased  attention  which 
it  consequently  receives,  can  bring  about  a  subjective  accent 
or  stress.  Then  the  factor,  which  is  best  suited  to  emphasize 
the  fact  of  change,  must  have  the  greatest  influence  upon  the 
character  of  the  rhythm.  Neither  time  nor  intensity,  as  such, 
is  a  determinant  of  secondary  rhythm;  but  either  maybe  this 
when  translated  into  terms  of  subjective  accent  or  stress  ((/". 
further  discussion). 

Position  of  pause.  When  several  groups  were  compounded, 
a  short  interval  followed  each  group,  while  a  much  longer  in- 
terval followed  the  compounded  group.  The  long  pause  with 
our  subjects,  as  the  synchronous  readings  from  the  microphone 
and  pneumograph  show,  always  occurred  at  the  time  of  inhala- 
tion. The  end  of  a  group  was  marked  by  a  pause  longer  than 
that  which  separated  the  syllables  of  the  group.  In  the  dac- 
tylic and  trochaic  grouping,  this  is  the  pause  preceding  the 
accented  syllable.  But  the  interval  preceding  the  accented 
syllable  in  the  iambic-anapaestic  grouping  was  not  always 
lengthened;  although  frequently  a  secondary  pause  occurred 
after  the  accented  syllable  in  the  case  of  the  dactyl  and  be- 
fore it  in  the  anapaest.  In  the  three-group,  the  two  inter- 
vening pauses  M'ere  ordinaril}-  of  the  same  length.  There  was 
still  another  arrangement  noticed  in  the  microphone  readings; 
the  first  pause  was  shortest,  the  second  longer,  and  the  third 

longest.     Several    orders  were  observed,   in  the  dact3'l  

;  and  in  the  ana- 


paest,   , .     The  second  form  gave  a 

more  unitary  character  to  the  whole  group.  It  is  the  only 
order  which  Wundt^  recognizes.  "  If  in  a  long  series  of  regu- 
lar beats,  single  impressions  are  emphasized  by  their  greater 
intensity  or  by  some  qualitative  peculiarity,  one  uniform  result 
is  the  overestiniation  of  the  interval  preceding  and  following 
the  emphasized  beat."  This  lengthening  is  brought  about 
through  expectation  and  relief. — We  cannot  find  Wundt's  ex- 
planation satisfactor3^  For  (i)  at  the  rate  at  which  sounds 
must  follow  each  other  to  produce  a  rhythmical  impression  ex- 
pectation and  relief  could  play  no  part.  Eberhardt^  also  says 
that  expectation  was  never  present  according  to  his  introspec- 
tion when  the  rate  of  succession  was  less  than  one  second,  and 
then  only  occasionally  present.  (2)  The  arrangement  of 
pauses,  which  this  theory  presupposes,  is  not  by  any  means  the 

iQutliues,  Eng^.  Trans.,  p.  150. 
2  Op.  cit.,  p.  109. 
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only  one  found,  as  has  alread\'  been  shown.  The  long  pause 
occurred  most  frequently  at  the  end  of  the  group  only,  the  in- 
tervening pauses  being  of  nearly  the  same  length.  The  length- 
ening of  the  pause  appears  rather  to  be  conditioned  by  the 
changing  of  the  attention;  in  the  shifting  of  the  attention  from 
one  sound  to  another  there  must  be  a  psychologically  empty 
time  which  we  call  a  pause.  The  apparent  lengthening  of  the 
pause  following  the  accented  syllable  is  a  contra.st  effect 
between  strong  .sound  and  succeeding  silence. 

Order  of  syllables.  This  was  not  constant.  The  different 
arrangements  were  correlated  with  clearly  defined  grades  of 
unitariness  in  the  total  impression.  In  the  dactylic  grouping, 
with    the   microphone  reading,   the  most  frequent  order  was 

;  i.    e. ,  the  duration  of  the  syllables  gradually 

decreases.     In  the  freer  renderings  of  Method  I  the  order  was 

;   the  second   and  third  syllables  were  of  equal 

duration.     The  order ,  in  which   the  first  was 

still  equal  to  the  sum  of  the  second  and  third,  but  the  second 
was  shorter  than  the  third,  was  frequently  given.  The  order 
noted  by  McKay  and  Hurst'  is  the  same  as  that  which  occurred 
most  frequently  in  the  microphone  readings;  this  appears,  on 
the  whole,  to  be  the  least  perfect  arrangement;  Meumann  and 
Eberhardt  give  the  order  which  has  been  noted  as  the  least 
frequent  but  the  most  perfect.  Bolton's^  rule  for  the  time  order 
of  a  group  of  sounds  is  not  substantiated  by  the  results  either 
with  children  or  adults.  His  principle  is  that  "  a  longer  sound 
occurring  regularly  in  a  .series  imposes  a  grouping  according  to 
the  number  of  sounds  between  the  long  ones.  The  long  sound 
is  as  a  rule  the  last  in  the  group."  The  subjects  must  have 
confused  the  long  sound  and  the  long  interval  in  their  report. 

Here,  as  in  the  ordering  of  the  pause,  the  uuitarine.ss  of  the 
impression  appears  to  be  in  proportion  to  the  degree  of  con- 
tra.st;  thus  the  most  unitarj^  impression   is  given  by  the  time 

order .   When  a  group  of  syllables  follow  each 

other  in  the  order  Bolton  gives,  the  primary  rhythm  is  still 
prominent;  the  separate  syllables  or  .sounds  are  not  subordi- 
nated to  the  group,  as  the}'  are  in  the  grouping  just  noted. 
The  time  relation  of  the  accented  syllable  to  the  unaccented 
was  never  the  relation  of  two  to  one,  nor  could  it  be  expressed 
by  simple  numbers:  cf.  Tables.  As  a  rule  the  accented  syllable 
was  but  slightly  longer  than  the  unaccented.  Neither  did 
Wrinch  and  Shaw^  find  the  definite  time  relations  %  and  }(  as 

1  Experiments  on  Time  Relations  of  Poetical  Metres,  Univ.  of 
Toronto  Studies,  No.  3. 

■^  Op.  cit.,  p.  231. 

^  Contributions  to  the  Psychology  of  Time,  Univ.  of  Toronto  Studies, 
No.  2,  p.  51. 
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they  appear  in  musical  composition.  These  results  are  not  in 
accordance  with  Mach's  statement:^  "  So  far  as  I  am  able  to 
judge,  we  recognize  the  identity  of  time  ratios  of  two  rhythms 
only  when  they  are  capable  of  being  represented  by  very  small 
numbers.  Thus  we  really  notice,  immediately,  only  the  iden- 
tity or  non-identity  of  the  two  times,  and  in  the  latter  case 
recognize  the  ratio  of  the  two  only  by  the  fact  that  one  part  is 
exactly  contained  in  the  other.  Herewith  we  have  an  explana- 
tion of  the  fact  that,  in  marking  time,  the  time  is  always 
divided  into  absolutely  equal  parts."  The  fact  that  an  inten- 
sive change  may  be  substituted  for  a  temporal  and  the  feeling 
of  equality  not  disturbed  argues  against  Mach's  theory.  The 
facts  of  substitution  and  the  analogous  case  of  the  influence  of 
limiting  stimuli  upon  the  judgment  of  short  intervals  (intervals 
bounded  by  strong  stimuli  are  judged  longer  than  equal  inter- 
vals bounded  by  weak  stimuli)  indicates  that  what  we  have  is 
not  a  direct  comparison  of  times  but  one  of  subjective  stresses. 

The  Relative  Time  Values  of  the  Restrained  Forms.  The 
total  time  for  reading  thirty  syllables,  in  accordance  with  the 
four  required  arrangements,  was  taken  in  Method  I  b\'  means 
of  a  stop-watch.  The  microphone  readings  are  not  compara- 
ble, as  the  numh)er  of  groups  given  in  any  one  series  was  in- 
definite, depending  upon  the  number  that  could  be  recorded  in 
one  revolution  of  the  drum.  Consequently  only  the  results  of 
the  readings  by  Method  I  have  been  tabulated. 

The  figures  given  in  Table  XLH  represent  the  average  time 
of  the  different  classes.  The  asterisk  marks  the  absence  of  mem- 
bers. The  absence  of  an  individual  affected  the  average,  in- 
creasing or  decreasing  the  time,  according  to  the  time  of  the 
individual  in  question;  the  absences  therefore  give  a  greater 
appearance  of  irregularity  to  the  results  than  really  existed. 

American  children.  There  is  a  decrease  in  time  required  for 
reading  a  series  corresponding  to  the  age  of  the  pupil.  With 
the  boys  this  holds  throughout,  from  the  first  to  the  seventh 
grade,  the  change  being  greatest  between  the  first  and  the 
fourth  grades.  This  is  undoubtedly  due  to  the  slower  func- 
tioning of  the  attention  in  the  case  of  the  younger  children. 
The  times  of  the  girls  of  the  fourth  grade  were  faster  than  those 
for  the  seventh  in  the  reading  of  the  trochee  and  iambus.  The 
natural  reaction  time  of  the  girls  of  the  fourth  grade  was  faster 
than  that  of  the  seventh,  but  the  greater  difficulty  of  the  dac- 
tyl and  anapaest  for  the  fourth  grade  girls  made  their  time  for 
the  reading  of  those  forms  slower  than  that  of  the  seventh 
grade.  The  m.  v.  is  greatest  for  the  first  grade.  The  effect  of 
practice  is  not  marked,  but  is  most  noticeable  in  the  case  of 

1  Analysis  of  Sensation,  Eng.  Trans.,  p.  ii8. 


A   GENETIC   STUDY   OF   RHYTHM.  545 

the  girls.  In  the  involuntary  grouping  of  the  boys  of  the  fourth 
grade  the  rate  of  succession  in  the  later  series  is  slower  than  in 
the  earlier.  The  reason  may  be  that  because  of  its  great  regu- 
larity it  oflfered  less  and  less  interest.  Throughout,  the  times 
for  the  boys  of  the  seventh  grades  are  faster  than  those  for  the 
girls  of  the  same  grades.  The  values  given  for  the  boys  and 
girls  of  the  first  grade  do  not  represent  the  time  values  for  the 
dactyl  and  anapaest,  as  they  failed  to  produce  those  rhythms. 
In  general,  then,  the  three-groups  are  shorter  than  the  two. 

German  children.  The  time  values  are  much  slower  than 
for  the  Americans.  With  the  girls  the  decrease  in  time  re- 
quired runs  parallel  with  increase  in  age,  but  with  the  boys 
(excepting  for  the  anapaest  and  iambus)  the  fourth  grade  read 
more  rapidl}-  than  the  seventh.  The  effect  of  practice  is  great- 
est in  the  cases  of  dactj'l  and  anapaest.  The  results  are  not  so 
unequivocal  as  with  the  American  children.  The  three-groups 
are  slightly  shorter  than  the  two-groups. 

These  results,  as  far  as  they  go,  are  in  harmony  with  the  re- 
sults obtained  by  other  investigators.  The  inherent  difficulty 
of  the  more  complex  forms  for  the  younger  children  obscured 
the  general  principle.  For  a  satisfactor}'  comparison  of  the  time 
values  of  the  different  rhythms,  the  investigation  must  be  car- 
ried on  with  adults.  It  is,  however,  clearly  shown  that  the 
times  for  the  three-groups  are  shorter  than  those  for  the  two- 
groups.  The  three-group  divides  the  series  of  sounds  into 
fewer  unities  and  naturally  shortens  the  time  for  the  total 
series.  Within  certain  limits  the  number  of  sounds  in  a  group 
appears  to  depend  upon  the  rate  of  succession.  Bolton's  Sub- 
ject 2  says:  "Slower  than  a  certain  rate  no  rhythm  is  felt. 
With  more  rapid  rales  two  clicks  form  a  group.  Faster  still  four 
clicks  form  a  group  with  the  primary  accent  on  the  firsi,  the 
secondary  on  the  third,  and  an  interval  after  the  fourth;  a  still 
more  rapid  rate  gives  an  eight  group.  At  some  rates  I  was 
able  to  get  a  three  rhythm  accented  strongly  on  the  first." 

The  fluctuation  in  results  will  not  warrant  a  comparison  of 
the  results  for  trochee  and  iambus  or  for  dactyl  and  anapaest. 
Hurst  and  McKay  ^  found  that  the  foot  in  the  iambus  and  ana- 
paest tended  to  be  longer  than  that  in  the  trochee  and  the  dac- 
iyl;  that  the  trochee  and  dactyl  were  therefore  used  more 
frequently  for  stirring  and  rapidly  moving  verse.  Rate  of  suc- 
cession had  a  similar  effect  upon  several  of  our  subjects,  who 
in  comparing  the  two  and  the  three  group  discs  found  that  the 
three-grouped  (rate  of  succession  being  more  rapid)  were  en- 
livening and  exciting, while  the  two-grouped  were  dull.  "With 
fast  rates  intensive  changes  recur  more  rapidly  and   hence  call 

1  Op.  cit.,  pp.  i66  ff. 
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for  more  rapid  muscular  movement.  On  this  account  fast  rates 
were  found  to  be  exhilarating  and  animating,  and  slower 
drowsy  and  soporific."  If  expectation  played  any  part  in 
mediating  the  grouping,  we  should  expect  the  iambus  and 
anapaest  to  be  shorter  than  the  trochee  and  dactyl.  That  the 
opposite  is  the  case  is  an  argument  against  the  expectation 
theory  of  Wundt. 

Arrangement  of  Intensities.  In  the  two-group  the  strongest 
and  longest  naturally  come  first.  They  can,  however,  have  a 
second  place.  Only  in  cases  of  partial  inversion  are  the  long- 
est and  strongest  separated.  The  lengthening  of  the  accented 
syllable  follows  naturally  from  the  greater  muscular  strain  and 
increased  attention  which  are  given  it.  In  the  three-group 
(dactyl)  there  were  several  arrangements  given  dependent  upon 
the  more  or  less  perfect  subordination  of  parts  within  the  group. 
The  forms  noted  were  (a)  ' or  ((5) 


or  (<r)  " .'     The  arrangement  {a) 

was  very  frequent,  {b)  less  frequent;  the  most  satisfactory  form 
was  (^).  These  results  do  not  agree  with  those  of  Bolton,^  who 
notes  only  form  ((^),  and  gives  as  a  principle  that,  when 
series  of  impressions  made  up  of  three  or  four  intensities  recur 
in  a  .sequence,  they  are  so  arranged  that  the  impressions  are 
subordinated  to  one  another  as  nearly  as  possible  from  begin- 
ning to  end.  Bolton  also  finds  four  arrangements  of  intensities 
possible;  but  it  is  very  doubtful  if  we  can  directly  compare 
more  than  three  intensities,  and  can  therefore  have  more  than 
three  grades  of  accentuation  in  a  group.  Eberhardt^  does  not 
find  the  arrangement  Bolton  gives;  on  the  contrary,  he  notes 
arrangement  (<:)  as  the  most  natural  form  of  the  three-group- 
ing. This  is  certainly  a  closer  grouping,  and  gives  an  impres- 
sion of  greater  unity  than  form  (^b).  In  it,  the  first  is  accented 
by  contrast  with  the  second  and  the  third  by  contrast  with  the 
second,  and  the  whole  group  appears  to  form  a  closed  circuit; 
while  in  the  last  form  there  is  a  feeling  that  there  might  be  still 
another  step  in  the  graded  series  before  the  end  is  reached. 
In  other  words,  the  subordination  of  the  whole  group  to  the 
accented  syllable  is  greater  by  this  arrangement. 

Pitch  Relations. 
The  question    now  presents  itself  whether    quality  can   be 

^  Op.  cit.y  p.  226. 

2  Op.  cit.y-p.  123.  "  Fernerseiiiber  das  Betonungsverhaltnisdeszweiten 
und  dritten  Gliedes  bemerkt,  dass  die  von  der  Metrik  verlangte  Beto- 
nung  des  zweiten  Schlages  gegeiitiber  dem  dritten  nicht  stattgeuu- 
deu  hat ;  im  Gegentheil  scheint  es,  als  werde  stets  der  dritte  Schlag 
minimal  starker  betont  als  der  zweiie,  wenu  auch  die  Zahlen  die 
daun  vielleicht  zu  erwartende  Verlangerung  des  dritten  Gliedes  nicht 
durchgehends  aufweisen." 
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called  a  determinant  of  rhythm  in  the  same  way  and  with  the 
same  degree  of  constancy  as  time  and  intensity,  or  whether  it 
merely  increases  the  intensive  effect.  As  previously  noted,  the 
more  frequent  occurrence  of  P.  and  I.  together,  rather  than  P. 
and  T. ,  might  be  so  interpreted.  Meumann  appears  to  be  of  this 
opinion.^  "Accent  is,  finally,  never  a  mere  increase  in  intensity 
but  also  an  increase  in  pitch;  increase  of  pitch  as  well  as  of  in- 
tensity appears  to  serve  the  purpose  of  bringing  out  the  logi- 
cally and  emotionally  more  important."  The  stronger  and 
longer  tone  was  nearly  always  the  higher  in  the  spoken  rhythm, 
though  there  were  many  more  ca.ses  of  inversion  in  pitch  than 
in  either  time  or  intensity.  Several  children  always  spoke  of 
the  stronger  tone  as  the  higher  (this  was  without  suggestion 
on  our  part,  and  the. remark  was  always  left  apparently  unno- 
ticed). Not  infrequently  the  longer,  higher  and  stronger  was 
accompanied  by  a  raising  of  the  whole  body.  Meumann  also 
remarks  that  high  notes  are  apparently  more  intensive  than 
low  notes  of  the  same  intensity.  A  contrary  statement  is 
made  by  Abraham  and  Schaefer."  "  Wie  ftir  die  Analy.se  des 
Akkordes,  so  wurde  auch  fiir  die  Bestimmung  des  Rhythmus 
der  tiefste  Ton  unwilkiirlich  als  erster  Ton  gewahlt.  wolil  in 
Folge  musikalischer  Gewohnheiten.  Er  schien  starker  aus  der 
Tonfolge  herauszuspringen,  so  dass  es  Miihe  machte,  miteinem 
andern  den  Rhythmus  beginnen  zu  lassen."  There  appear  to 
be  three  possible  interpretations  of  the  facts;  either  pitch  is  not 
an  independent  determinant  of  rhythm;  or,  being  such,  the 
higher  is  the  accented;  or  again,  in  accordance  with  Abraham 
and  Schaefer,  the  lower  is  the  accented  tone.  In  order  to  gain 
a  more  satisfactory  answer,  another  series  of  experiments  was 
made.  The  first  experiment  gave  the  qualitative  relations  of 
the  motor  rhythm  only;  the  object  of  the  second  was  to  deter- 
mine qualitative  relations  in  a  sensory  rhythm,  to  determine 
whether  the  higher  and  lower  tones  had  a  constant  position  in 
the  grouping,  or  if  their  po.sition  was  dependent  upon  some 
secondary  factor.  It  was  necessary  for  such  an  investigation 
to  get  a  series  of  tones  that  should  vary  only  in  pitch.  For 
this  purpose  an  apparatus  was  devised  in  the  psychological 
laboratory  at  Cornell  University. 

Apparatus.  Two  electrically  driven  forks  cased  in  sound  proof 
boxes  were  the  source  of  sound.  At  first  the  c^  of  256  and  the  c-  of  512 
double  vibrations  were  used  ;  but  the  interval  was  too  large  to  be  sat- 
isfactory, and  the  a'^  of  435  was  substituted  for  the  c^  of  256.  A  resona- 
tor was'placed  just  above  each  tuning  fork.  Rubber  tubes  led  out  from 
these  resonators,  and  ended  at  some  distance  from  the  boxes  in  small 

1  Op.  cit.,  p.  402. 

2Ueber  die  maximale  Geschwindigkeit  von  Tonfolgen  :  Zeits.  fiir 
Psy.,  XX,  p.  415- 
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pieces  of  glass  tubing,  which  were  securely  fastened  to  two  wooden 
standards.     In  front  of  these  standards  discs  were  revolved.     On  the 
opposite  side  of  the  discs,  a^  and  c~  resonators  were  adjusted  so   as  to 
catch  their  respective  tones  ;  by  means  of  tubing  the   tones  were  car- 
ried to  the  ear  of  the  subject.     Nine  discs  were  used.     Disc  {i).  For 
comparison  of  subjective  rhythm — if  the   subjects  were  so  inclined — 
with  the  rhythms  objectively  caused  by  variations  in  pitch,  this  disc 
had  two  circular  slots  90°  long,  i>4  cm.  wide  and  13  cm.  from  the  cen- 
ter of  the  disc.     These  were  on  opposite  sides  of  the   disc.     Thus  the 
disc  shut  off  the  tone  coming  from  the  c-  fork,  allowing  only  that  from 
the  a^  to  pass  through  ;  as  the  tone  was  successively  given  and  cut  off, 
for  an  interval  equal  to  the  time  required   for  the  disc   to  make  one- 
fourth  of  a  revolution,  the  successive  tones  and  intervals  were  of  equal 
duration.     Disc  {2)  had  two  slots,  one  of  which  was  4  cm.,  the  other 
13  cm.,  from  the  center  of  the  disc.     Each  of  these  formed  an  arc  of 
90";   and  the  successive  sounds  and   silences  were  of  equal  duration, 
but  varied  in  pitch.    Disc  (5)  was  made  for  the  comparison  of  the  sub- 
jective rhythm  with  the  objectively  conditioned  three-group.     It  had 
three  slots  of  60''  each,  13  cm.  from  the  center  of  disc.     Disc  (6)  had 
three  slots,  two  of  which  were    13   cm.  and   the  third   4  cm.  from  the 
center.     It  thus  gave  two  tones  from   the  a^  fork   to  one  from  the  c'^. 
The  duration  of  all  the  tones  and  intervals  was  equal,  lasting  for  an 
interval  equal  to  the  time  occupied  bv  the  rotation  of  the  disc  through 
60°.    Disc  (7)  had  three  slots  ;  two  4  cm.,  one  13  cm.,  from  the  center. 
All  arcs  of  60^*.     The   resulting  rhythm  was  objectively  composed   of 
two  tones  from  the  f-^  fork  and  one  'from  the  a^ ;    these  were  of  equal 
duration  together  with  the  intervening  intervals.     In    order  to   ascer- 
tain if  an  increase  in  duration  of  one  of  the  tones  would  change  the 
rhythm  already  established,  in  disc  (3)  the  slot  admitting  tones  from 
the  a^  fork  was  increased,  at  first  by  an  increment  of   30°.     Later   15° 
more  were  added.     The  resulting  rhythm  consisted  objectively  of  two 
tones,  that  from  the  a^  fork  being  one-half  again  as  long  as  that  from 
the  c'^.     Disc  {4).     The  same  number  of  degrees  was  added  to  the  slot 
admitting  tones  from  the  c~  fork.     The  resulting  rhythm  was   a  two- 
group,  the  reverse  of  that  given  by  disc  (3).     Discs  (8)  and  (9).     The 
slots  admitting   the  tones  from   the  a^  and  c"^  forks  respectively  were 
increased  at  first  by  increments  of  15^;  later  15°  more  were  added.  The 
resulting  rhythms  were  three-groups,  in  which  one  tone  was  longer 
than  the  other  two. 

The  time  occupied  by  one  rotation  of  a  disc  was  approximately  one 
second.  The  chief  difficulty  with  the  above  apparatus  or  with  any, 
for  that  matter,  which  might  be  devised,  was  in  the  regulation  of  the 
intensities  of  the  two  forks.  There  was  no  means  of  objectively  regu- 
lating the  intensities ;  recourse  for  that  reason  must  be  had  to  a 
subjective  regulation.  This  necessitated  a  preliminary  experiment  for 
each  series. 

Preliniiyiary  Experime^it.  The  subject  sat  with  back  to  ap- 
paratus and  experimenter,  and  at  some  distance  from  the  reso- 
nator. In  order  to  avoid  all  suggestion  of  rhythm  in  getting 
the  intensity  judgments,  the  discs  were  not  used.  Instead,  at 
the  first  signal  one  tone  was  given  for  three  seconds,  at  an- 
other signal  the  other  tone  was  given  for  an  equal  time;  and 
judgment  as  to  the  intensity  of  the  two  tones  was  passed. 
After  a  few  preliminary  judgments  (to  ascertain  the  nature  and 
direction   of  difference),  it  was  possible  by  increasing  or   de- 
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creasing  the  amount  of  resistance  to  the  current  as  the  judg- 
ments might  indicate,  to  reach  a  nearly  liminal  difference.  The 
method  of  procedure  was  then  in  the  main  that  of  Rij^ht  and 
Wrong  Cases.  When  evidence  was  given,  through  constancy 
in  the  direction  of  judgment,  that  there  was  subjective  differ- 
ence in  intensit>  ,  the  resistance  was  shghtly  increased  or  dimin- 
ished in  accordance  with  the  direction  (if  judgment.  This  pro- 
cedure was  kept  up  until  a  series  of  thirty  judgments  was 
obtained,  in  which  there  was  either  no  constancy  in  the  judg- 
ment, or  both  tones  was  judged  equal.  This  result  warranted 
the  presumption  that  there  was  no  subjective  difference  in  in- 
tensity. Nearly  all  the  subjects  experienced  great  difficulty, 
when  giving  their  judgments,  in  ab.stracting  intensity  from 
quality.  Some  judged  the  higher  tones  as  "nearer"  and 
therefore  louder;  others  tlie  lower  tones  as  "  bigger  "  and  con- 
sequently louder.  For  this  reason  the  two  forks  first  u.sed  were 
very  unsatisfactory:  with  an  interval  of  a  minor  third  the  dif- 
ficulty was  not  so  great,  and  near  the  limen  a  few  of  the  sub- 
jects, who  were  decidedly  unmusical,  confused  the  pitch  of  the 
two  tones  as  well. 

Having  then  the  conditions  for  the  experiment  (equality  in 
time  and  intensity),  we  proceeded  to  use  the  discs.  Sometimes 
the  two-grouped  were  given  first,  at  other  times  the  three- 
grouped.  Discs  I  and  5  were  given  sometimes  before  and  some- 
times after  the  others  of  their  respective  sets.  But  the  two- 
grouped  and  the  three-grouped  were  alw^ays  given  separately. 
It  was  found  more  satisfactory  to  let  the  subject  determine  the 
time  for  liearing  each  rhythm;  he  attended  to  each,  until  he 
was  fully  satisfied,  and  then  reported  immediately. 

The  subjects  were  Mr.  I.  McKay,  rhythmical,  no  musical  training, 
considerable  training  in  introspection  ;  Mr.  W.  McKee,  some  training 
in  introspection,  no  musical  training;  Miss  M.  P\  Winger,  considerable 
training  in  introspection,  unmusical;  Mrs.  E.  V.  Bentley,  musical, 
some  training  in  introspection  ;  Mrs.  B.  Brooks,  some  training  in  in- 
trospection, no  musical  training  ;  Miss  E.  Parry,  some  training  in  in- 
trospection, no  musical  training  ;  Miss  C.  Seymour,  some  training  in 
introspection,  no  musical  training. 

The  subjects  made  their  reports  in  such  form  of  metrical  notation  as 
they  might  find  individually  convenient,  and  not  in  the  form  that  ap- 
pears in  the  Tables.  They  were  thus  able  to  give  their  report  while 
the  rhythm  was  in  full  swing.  For  the  sake  of  clearness,  the  reports 
have  been  tabulated  in  the  form  given,  and  occasional  interpretatory 
remarks  of  the  subjects  have  been  added. 

Results.  While  there  was  no  general  constancy  in  the  ac- 
centuation of  the  high  or  low  tones,  i.  e.,  no  constancy  for  all 
individuals,  there  was  a  marked  con.stancy  in  the  interpreta- 
tion of  the  sa)}ie  individual  throughout  the  different  series 
given.  Some  individuals  were  inclined  to  hear  the  high  as  the 
more  intense,  others  the   low.     The  subjects  may  be  divided 
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A   six-grouped   rhythm ;    at 
first  it  appeared  to  be  a  sim- 
ple two-group,  but  later  no- 
ticed that  there  were  three 
long  and  three  short  in  each 
group;    accent   was   on    the 
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higher  is  longer. 
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A  two-grouped  rhythm; 
higher  tone  is  first  and  long- 
er;  it  appears  to   approach 
and  the  lower  tone  recede. 

Low  tone  is  first  and  is  long- 
er; it  appears  to  be  the  in- 
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Lower  tone   appears    to  be 
first  but  higher;  is   longer 
and  is  accented;  tried  to 
change  the  accent  but  could 
not. 
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The  two  high  tones  are 
longer  and  are  accented; 
but  the  low  tone  has  first 
place  in  the  group. 
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The    first  tone  is  short 
and  is  low.     The  second 
and  third  are  longer  and 
higher,  the  second  is  ac- 
cented. 
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Rhythm    same    as   with 
disc  6;  the  high  tone  has 
a   stronger   accent  than 
in  that  rhythm. 

Rhythm  much  same  as 
with  disc  6;   but  interval 
between  ist  and  2d  tone 
is  quite  long. 

The  first  tone  is  higher, 
is  longer  and  is  accent- 
ed; the  second  and  third 
appear   to  be    of    equal 
duration,    intensity   and 
pitch.     ly  0  n  g   intervals 
follow  the  first  and  third 
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er than  the  second,  also 
stronger. 

At   first  the   lower   tone 
has  the  first  place  in  the 
group;   later  it   has  the 
last  place.      The  lower 
tone  IS  longer  and  is  ac- 
cented. 

Two  distinct   parts    to 
each    group.      The    two 
low   tones  are  shoiter 
and  are  separated  by  a 
long   interval    from   the 
higher  tone  which  comes 
last,    although    longer 
and  accented. 

The  first  tone  is  lower, 
is  shorter,  but  is  acceut- 
ed;  the  second  and  third 
tones    are    longer    than 
first  and  are  higher; 
and  at  last  the  accent  is 
placed  upon  the   two 
higher  tones. 
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The  higher  is  first  and 
is  longer.    The  two  low 
are  of  about  equal  dura- 
tion.   The   first  is  sepa- 
rated by  a  long  interval 
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The  higher  tone  is  first; 
it  is  longer  and  stronger. 
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of  ecjual  duration  and  in- 
tensity. 
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A   two-group;    the    first 
tone  slightly  longer  and 
stronger   than   the  sec- 
ond. 
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The  second  tone  is  higher, 
longer  and   is   accented. 
(This  subject  confuses  high 
and  low.) 
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No  great  difference  in  the 
length  of  the  two  tones.   The 
first  is   slightly   longer  and 
more  intense  ;  it  is  the  lower 
tone. 

Same  as  with  disc  2,  accent 
very   slij^lit.     (This    subject 
apparently  does  not  perceive 
pitch  differences  of  a  minor 
3rd.) 
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rhythm  of  disc  2  ;    whole  is 
slower  and  not  so  clear  cut. 
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First  tone  is  longer,  higher 
and  accented.  The  second  is 
a  bagatelle    at  the  end  of 
first,  to  make  up  a  horse's 
gallop. 
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No  difference   in   intensity, 
but  the  first  is  longer  and 
higher  and  receives  the  ac- 
cent. 
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The    highest   is   longest 
and  most  intense;  it  may 
be  either  first  or  last  in 
the   group.      (High    and 
low  are  confused.) 
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The  first  is  highest, long- 
est and  strongest.     The 
second    and  third    have 
same  pitch,  duration  and 
intensity. 
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The  highest  is  first,  it  is 
longest.      It   appears  to 
sound  through  the  others 
like  the  air  to  a  bass  ac- 
companiment. 

The  lowest  is  first,  it  is 
longest.        Second     and 
third  are  of  equal  dura- 
tion. 

The     two     higher     are 
shorter  but  are  both  ac- 
cented.   The  lower  tone 
comes  last  in  the  group. 

The  higher  is  first,  long- 
er and  more  intense.  The 
second  and  third  are  low- 
er and  of  equal  duration 
and  intensity. 

The  higher  is  first  and 
more    intense    than    the 
second     and     third,    al- 
though it  is  shorter.  The 
two  lower  are  of  appar- 
ently equal  duration  and 
intensity.  (High  and  low 
are  confused  here.) 
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is  last;  it  is  least  intense, 
the    second    is    most  in- 
tense. 

The  highest  is  first,  but 
second    and    third     are 
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The     second     is     longer 
than  the  third. 
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equally  so. 
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it   is    more   intense,   but 
the  two  lower  tones  are 
longer. 

The    higher    is    shorter 
and  comes  last;  it  is  sep- 
arated by  a  long  interval 
from   the    second.      The 
first  and  second  are  of 
equal    duration    and    in- 
tensity. 
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All   alike;    but    can   ar- 
range in  any  grouping; 
when   subject   gives    up 
to    rhythm,    it  falls  into 
groups  of  twos. 
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The  high  tone  is  first  but  is 
shorter  than   the   low   tone 
which  is  accented.    It  is  an 
odd  and  decided  rhythm. 

The  higher  is  first,  but  it  is 
shorter  than  the  lower  tone; 
could  not   tell    at   first   how 
this   rhythm  varied  from 
that  of  discs  2  and  3. 

The  higher  tone  is  first  and 
is   accented  ;    it  is    about  3 
times    as   long   as    the    low 
tone.     (Confusion  of  the 
higher   with    lower  by  this 
subject.) 

The    lower    tone  is  first,  is 
longer    and    more    intense. 
(This  subject  shows  a  strong 
tendency  towards  accenting 
the  lower  tone.) 
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First  tone   is   longer  and 
higher  but  lower  is  accent- 
ed.   The   high    tone    comes 
with  a  long  inspiration,  the 
low  with  the  expiration  and 
is   more    rapid,    full  and  of 
greater  strength. 
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Same  rhythm  as  with  disc  2, 
but   higher    tone    is    longer 
and  the    interval    following 
it  shorter. 
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The  lower  tone  is  first  and 
is  accented  ;  the  higher  is 
longer  and  seems  as  if  sung 
with  inspiration. 

.; 

CO 

o 

CO 

<J 

CO 

o 

The  first  is  longer.    This  is 
a  natural  rhythm.     Subject 
notes  no  difference  in  pitch 
or  intensity. 

Higher  is  first,  it  is  longer,  a 
dragging  tone.    The    lower 
is  more  concise  ;  it  is  accent- 
ed. 

The  higher  tone  comes  first, 
is  longer  and  more  intense  ; 
the   second    seems    like  an 
echo  of  the  first. 

Lower  tone  comes  first  and 
is  accented  but  both  tones 
are  of   the  same    duration. 
Rhythm  is  jerky. 
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A    very    poor    two-rhythm ; 
sometimes    none    at   all,    at 
other  times   the   first  is 
stressed. 
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into  three  classes, — those  who  accented  the  high  tones,  those 
who  accented  the  low,  and  those  to  whom  highness  and  low- 
ness,  as  such,  were  a  matter  of  indiflference.  With  these  sub- 
jects, in  the  three-group  the  accent  fell  upon  the  tone  w'hich 
was  different  from  the  other  two  in  the  group:  c^  a  a  or  a}  c  c  ; 
i.  (f. ,  either  c  ox  a  might  be  accented.  The  constancy  with 
which  the  low  tone  was  accented  in  the  case  of  E.  V.  B.  was 
ver}-  marked.  With  Disc  6,  where  the  objective  arrangement 
gave  two  low  tones  and  one  high,  had  there  been  no  constancy 
in  her  interpretation  of  difference  in  pitch,  the  high  tones  as 
different  from  the  other  two  would  have  been  accented.  On 
the  contrary,  she  accented  and  lengthened  \\^^  first  low  in  both 
series  given.  In  the  case  of  Disc  8,  the  results  show  in  a  most 
striking  manner  a  natural  tendency  to  accent  the  low  tone; 
here  c  is  objectively  lengthened,  being  one-half  again  as  long 
as  either  a  ;  it  also,  as  in  the  arrangement  of  Disc  6,  occurs  but 
once  in  every  three  tones.  It  would  seem  in  this  case  that  the 
objective  conditions  must  of  necessity  determine  the  rhythm. 
But,  on  the  contrary,  Xho. first  a  is  heard  as  lo7igergL\\d  stronger. 
In  Disc  3  the  high  tone  is  objectively  longer.  E.  V.  B.  still 
gives  the  accent  to  the  low  tone,  although  the  high  is  judged 
longer.  For  this  subject,  pitch  is  not  only  a  constant  deter- 
minant but  also  a  more  effective  determinant  than  time,  as 
judgments  upon  Discs  3  and  8  show.  E.  V.  B.  had  had  a  con- 
siderable musical  training;  in  fact  she  was  the  only  '  musical ' 
subject. 

IV.  M.  showed  the  same  tendenc}'.  Where  the  interval  was 
only  a  minor  third,  the  low  tone  w^as  invariably  subjectively 
lengthened,  and  with  but  one  partial  exception  accented.  Even 
in  the  case  of  Discs  6  and  8,  the  subjective  rhythm  was  the 
same  as  for  E.  V.  B.  With  Disc  3,  although  the  objective 
lengthening  of  the  high  tone  resulted  in  giving  it  the  first  place 
in  the  group,  the  low  tone  was  judged  longer  and  more  intense. 
But  with  the  larger  interval,  the  subjective  rhythm  for  Disc  6 
corresponds  with  the  objective  order;  although  the  high  tone 
was  subjectively  accented,  it  was  (curiously)  judged  as  lower. 
With  Disc  8  not  only  the  high  but  also  the  first  low  was 
accented. 

E.  P.,  although  she  almost  invariably  judged  high  low  and 
low  high,  was  strongly  inclined  to  accent  the  objectively  low, 
even  though  the  judgment  resulted  in  a  seemingly  distorted 
rhythm. 

Other  subjects  were  fully  as  determined  to  accent  the  high. 
F.  W.  was  typical  of  this  class.  In  her  preliminary  intensity 
judgments  it  was  necessary  to  make  the  high  tone  considerably 
weaker  than  the  low  (on  the  basis  of  the  judgments  of  the 
other  subjects)  in  order  to  get  a  judgment  of  equality.     As  a 
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rule,  the  high  tone  came  first  in  the  group.  Disc  9,  when  ar- 
ranged in  accordance  with  the  objective  order,  was  said  to  be 
unpleasant;  this  was  undoubtedly  due  to  the  compulsion  which 
the  objective  lengthening  of  a  low  tone  (and  the  arrangement 
one  low  to  two  high)  exerted  upon  F.  \V. 's  natural  grouping. 
Here,  as  with  IV.  M. ,  high  and  low  were  confused.  When  F. 
W.  accented  the  low  tone,  she  called  it  the  high.  The  ten- 
dency of  C.  S.  was  in  the  same  direction.  One  great  difficulty 
in  interpreting  the  results  for  the  two-group  was  the  determi- 
nation whether  subjectively  high  and  low  corresponded  to  ob- 
jectively high  and  low;  in  the  three-group  the  arrangement  of 
the  three  tones  gave  a  basis  for  determination.  When  confu- 
sion of  judgment  was  found  in  the  three-group,  the  presumption 
was  that  it  was  present  also  in  the  two-group. 

B.  B.  and  /.  M.  were  examples  of  the  third  type.  Pitch  was 
for  them  not  a  constant  determinant  of  rhythm.  The  sub- 
jective order  was  determined  by  change  of  any  sort;  in  a  three- 
grouping  consisting  of  two  high  and  one  low,  the  low  was  ac- 
cented; but  if  the  arrangement  gave  two  low  and  one  high,  the 
high  was  accented.  "Awareness  of  change  "  seems  for  these 
subjects  to  be  the  determinant  of  rhythm. 

In  the  light  of  these  equivocal  results,  how  are  we  to  inter- 
pret the  great  constancy  with  which  the  accented  tone  in  a 
motor  rhythm  was  raised  in  pitch  ?  It  will  be  remembered  that 
cases  of  inversion  in  pitch  were  more  frequent  than  in  time  or 
intensity;  but  even  then  the  percentage  was  very  low.  What 
does  increase  in  pitch  mean  for  the  producing  subject  ?  A71  ifi- 
crease  of  hitetisity  is  quite  probable,  because  of  the  necessary  in- 
crease in  the  force  of  a  blast  of  air  to  produce  a  heighteiiing  of 
pitch}  This  is  in  perfect  accord  with  the  results  of  the  experi- 
ments on  the  motor  rhythm,  in  which  intensive  and  pitch  dif- 
ferences were  nearly  always  correlated.  Pitch,  then,  is  a  con- 
stituent and  constant  factor  in  the  spoken  rhythm,  but  not  nec- 
essarily as  a  qualitative  determinant.  Because  of  physical  and 
physiological  conditions  it  is  an  accompaniment  of  any  inten- 
sive change.  It  is  only  an  intensification  of  the  intensive 
factor.  In  the  sensory  rhythm,  the  criteria  of  the  spoken 
rhythm  (strain  sensations  and  tension  in  the  trachea  and  vocal 
organs)  were  absent,  unless  there  had  been  strong  associations 
set  up.  Neither  was  there  a  physical  or  physiological  reason  for  the 
constant  appearance  of  variation  in  pitch.  Pitch  in  the  sensory 
rhythm  owes  its  direction  and  constancy,  when  they  are  pres- 
ent, to  the  character  and  force  of  the  individual  associations. 
Where,  as  with  E.  V.  B.,  musical  training  has  given   strength 

^Text  book  of  Physiology,  edited  by  E.  A.  Schafer,  1900,  Vol.  II,  p. 
127. 
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and  constancy  to  the  association,  we  find  that  pitch  has  great 
effectiveness  as  a  determinant  of  rhythm;  but  with  subjects 
who  have  few  associations  of  an  unequivocal  character,  pitch  as 
such  can  scarcely  be  said  to  determine  the  rhythm.  It  is  not 
necessary  that  the  association  be  of  a  musical  character  for  it 
to  have  considerable  constanc}-.  The  associations  were  very 
frequently  of  a  spatial  character;  high  was  "  nearer,"  low  was 
"  farther  away;"  low  was  "  big,"  and  high  was  "thin."  One 
subject  spoke  of  the  high  tone  as  "  a  silly  little  appendage." 
Still  another  subject  was  governed  largely  by  spatial  associa- 
tions of  another  character;  he  placed  the  high  tone  in  the  top 
of  the  head,  the  other  at  the  base  of  the  skull,  and  experienced 
a  '  flipping  '  from  the  one  position  to  the  other  as  the  tone 
changed. 

We  can,  then,  say  that  quality  is  not  an  independent  de- 
terminant of  rhythm;  it  can  be  considered  either  as  a  substi- 
tute for  or  as  an  intensification  of  intensity, — whether  because 
of  strain  sensations  common  to  both,  or  because  of  associations 
which,  reduced  to  their  ultimate  grounds,  are  of  an  intensive 
character. 

In  the  arrangement  of  the  tones  as  to  pitch,  owing  to  objective 
conditions  (only  two  forks  being  used),  the  order  was  neces- 
sarily either  high-low  or  low-high.  Both  of  these  occur  with 
nearly  the  same  frequency.     In  the  motor  rhythm,  the  orders 

for    the    three-group    were  ^^^» ^  or  =:*_»—#-  or  ~*       -#— ' 

of  which  the  third  was  the  most  pleasing;  probably  for  the 
same  reason  that  intensities  arranged  in  a  corresponding  man- 
ner   " '  give  a  more  pleasing  impression.     Such 

a  group  has  a  more  unitary  character.  It  would  be  interesting 
to  obtain  the  judgments  of  adults  as  to  the  more  or  less  sat- 
isfactor>^  character  of  these  different  arrangements;  but  the 
necessary  time  was  wanting. 

The  subjects,  when  questioned  as  to  the  course  of  the  atten- 
tion and  its  effect  upon  the  rhythm,  were  unanimous  in  de- 
claring that  they  attended  to  a  group  as  a  whole;  it  was  the 
unit  of  attention.  This  tendency  was  so  strong  that  it  was  fre- 
quently difficult  for  subjects  to  analyze  what  they  had  heard, 
although  they  '  felt '  differences  between  the  various  rhythms. 
With  E.  V.  B.  it  was  always  necessary  to  reproduce  the  rhythm 
by  humming  it  before  she  could  make  an  analysis. 

Some  of  the  remarks  of  the  different  subjects  with  regard  to  atten- 
tion are  given  below.  B.  B.  "The  sounds  were  all  loud  at  first,  then 
became  less  distinct  for  a  brief  space,  after  which  they  were  stronger 
again."  "  I  tried  to  keep  the  sounds  from  growing  fainter  by  concen- 
trating the  attention  upon  them,  but  succeeded  only  in  prolonging 
the  stronger."  I.  M.  "  The  unit  of  attention  was  the  foot ;  the  char- 
acter of  the  foot  was  determined  by  the  accent  of  the  syllable  which 
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was  the  center  of  attention."  "An  attempt  to  inhibit  the  muscular 
movements  makes  the  whole  rhythm  appear  more  uniform.  The  with- 
drawal of  ihe  attention  seems  to  obscure  the  rhythm  and  cast  it  out  of 
consciousness.  I  do  not  think  the  rhythm  would  disappear  if  I  could 
attend  to  the  tones  and  at  the  same  time  inhibit  my  movements."  E. 
P.  "  The  natural  course  of  attention  is  from  group  to  group."  W.  M. 
says  of  Disc  9 :  "  When  attention  wavers  the  pattern  can  be  changed, 
the  different  forms  come  and  go  rapidly."  E.  P.  "Attention  was  upon 
the  melody  in  general,  but  occasionally  when  analysis  was  somewhat 
difficult  or  combination  unpleasant  the  attention  wandered  off  to  the 
separate  tones,  their  duration,  quality,  etc." 

Accefit.  The  subjects  were  not  questioned  as  to  the  nature 
of  their  subjective  accent;  but  finding  interesting  data  on  that 
point  in  their  reports,  data  bearing  upon  the  whole  question  of 
perception  of  rhythm,  we  collated  them  and  give  them  with  the 
name  of  the  subject. 

I.  M.  says  with  regard  to  Discs  5  and  6:  "It  is  impossible  to  tell 
where  the  stress  is  in  the  feet.  When  I  pay  attention  to  intensity, 
pitch  and  duration  they  appear  to  be  equal  in  each;  so  that  the  stress 
does  not  appear  to  lie  in  any  one  of  them.  There  are  of  course  the 
muscular  sensations,  but  it  is  difficult  to  believe  that  there  is  not  an 
objective  rhythm."  F.  W.  says  of  Disc  3  :  "  The  two  tones  take  the 
accent  equally  well.  The  high  one  because  it  naturally  comes  first  and 
seems  to  give  the  push  or  impulse  to  the  whole  thing.  The  second  note 
could  take  it  because  it  seems  to  be  stronger  and  has  a  longer  interval 
after  it ;  I  can  change  the  accent  at  will."  I.  M.  says  with  regard  to 
Disc  i:  "When  I  succeed  in  obtaining  a  rhythm,  the  first  is  more 
stressed  and  a  little  longer  than  the  second,  in  which  case  there  also 
appears  to  be  some  difference  of  quality  but  not  of  pitch."  He  says  of 
Disc  3  :  "  The  high  tone  appears  to  be  given  with  an  inspiration, which 
is  long,  the  low  with  an  expiration, which  is  rapid,  full,  and  stronger." 

E.  P.  says  of  Disc  2  :  "  The  higher  is  accented,  but  both  are  of  approxi- 
mately equal  intensity."  And  with  regard  to  Disc  6:  "The  three 
tones  are  of  equal  intensity  but  the  accent  falls  on  the  two  low  tones." 

F.  W.  says  of  Disc  4  :  "  Not  easy  to  accent,  but  a  little  easier  to  accent 
the  long.  I  can  put  it  on  the  high  and  short,  but  do  not  like  it  so  well. 
Moving  the  fingers  helps  placing  of  accent."  With  regard  to  Disc  i  : 
"  I  cannot  accent  it.  Tried  to  place  it  but  it  fell  on  all."  On  the  same 
day,  she  says  of  Disc  2  :  "  Main  accent  is  on  the  long,  but  short  and 
high  is  slightly  accented  too."  With  regard  to  Disc  6  :  "  Perhaps  the 
strongest  accent  is  on  short  and  high.  Can  put  it  on  the  first  long  but 
not  on  the  second  long."  B.  B.  saysof  Disc  4  :  "  The  low  tone  is  longer 
and  usually  more  intense  ;  sometimes  the  high  seemed  more  intense; 
could  change  the  accent  by  attention." 

The  cases  of  divided  accent  are  interesting  as  showing  that 
the  unity  of  the  total  impression  is  dependent  upon  the  ob- 
jective correspondence  of  the  most  intense  and  longest,  or  at 
least  that  they  stand  in  such  a  relation  that  they  offer  no  ob- 
jective hindrance  to  such  a  subjective  interpretation.  The  re- 
ports of  the  several  subjects  show  that  accent  is  not  dependent 
alone  upon  the  objective  relations  of  duration,  intensity  and 
quality;  accent  is  subjective  and  changes  with  the  attention. 
This  seems  to  be  the  explanation  of  the  facts  of  substitution. 
An  objective  condition  which  arrests  the  attention,  be  it  either 
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through  a  lengthening  of  the  tone  or  through  increased  inten- 
sity or  a  qualitative  change  or  what  not,  is  subjectively  stressed 
or  accented,  in  that  it  is  thereby  brought  into  the  focus  of  at- 
tention. The  effect  of  this  accent  of  attention  can  be  increased 
(a)  by  organic  rhythms,  sensations  vibrating  in  unison  with 
the  attention  rhythm;  {b)  by  a  rhythm  in  the  affective  tone. 
One  subject,  when  asked  to  inhibit  the  concomitant  movements, 
reported  four  distinct  elements  in  the  subjective  rhythm;  (i) 
gross  up  and  down  motions  of  the  body;  (2)  resistance  rhythm, 
due  to  attempt  to  inhibit  movements;  harder  to  resist  move- 
ment in  case  of  high  tones;  (3)  rhythm  of  attention;  (4)  affective 
rhythm,  indifferent-tranquil  (low  tone)  and  unpleasant-irrita- 
ting (high  tone).  Ruling  out  the  second  factor,  which  arose 
from  the  special  conditions,  we  have  here  two  rhythms  running 
parallel  with  the  attention  rhythm.  The  subject  might  also 
have  added  another,  i.  e.,  the  organic  rhythm.  To  be  sure,  all 
these  factors  may  not  be  present,  although  in  the  most  perfect 
rhythm  they  are  all  found,  fused  to  a  total  rhythmical  percep- 
tion. 

Chapter  III.     Minor  Problems. 
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§  I.  Respiration.  The  breathing  was  registered  synchro- 
nously with  the  rhythm.  Although  the  results  have  been  fre- 
quently referred  to,  iu  the  discussion  of  rhythm,  they  have  not 
been  given  in  detail.  The  character  of  the  breathing  varied 
with  the  rhythm  given.  The  average  of  several  curves  for  nor- 
mal respiration  of  the  three  subjects,  taken  at  various  times 
during  the  course  of  the  experiment,  is  also  given  for  the  pur- 
pose of  comparison  with  the  rhythmic  respiration. 

R.  A. — In  her  rhythm  each  syllable  had  distinctness  and  in- 
dividuality, i.  e.,  the  syllable  was  the  unit  and  not  the  group; 
this  is  apparent  in  her  breathing. 


Table  XLIX  (a),  r*). 

The  averages  for  breathing  during 
involuntary  grouping. 

Averages  for  breathing  during 
trochaic  grouping. 

Expiration. 

Inspiration. 

Height. 

Expiration, 
a                        b 

Inspiration, 
a                 b 

Height, 
a                 b 

.32    sec. 

.278  " 

•372  " 
•348  " 
.294   " 

3.12  mm. 

2.98      " 
*  <« 

4.32     " 

4-13     " 
2.95     " 

.52  sec. 

.498   " 

•475  " 

•384  " 
•448  " 

.75  sec.  .649  sec. 

.907*  " 

1.071*    " 

I.25»      " 

.709*    " 

.23  sec.    .285 
•233  sec. 
.366    " 
•52      " 
.238    " 

3. 7mm. 3. 1 
2.2    mm. 

4^5      " 
4-13    " 
3.        " 

Av.  .465  " 

.322  sec. 

3.5    mm. 

Av.     .984*    " 

•373  sec. 

3.45  mm. 

Series  (3)  given  in  full,  p.  506,  above. 

Table  XLIX  (r). 
Averages  for  breathing  during  iambic  breathing . 


Expiration 
a 

b 

Inspiration, 
a                         b 

Height, 
a                               b 

.571  sec. 
•597    " 
•49      " 
.6i* 

.552  sec. 
.603    " 

.464    " 

•335  sec.     .335  sec. 
•37      "       ^515    " 
•3       "       ^323    " 
•315* 

2.62    mm. 

3-5 
3.12       " 

2.63 

1.98  mm. 

4-5       " 
^3.2       " 

Aver.  .533  sec. 

.506  sec. 

.335  sec.     .391  sec. 

3.06  mm. 

3.24  m  m. 

♦There  are  two  syllables  to  an  expiration. 

In  the  involuntary  grouping  (with  the  exception  of  series  3, 
which  was  given  in  full,  as  R.  A.,  there  fell  into  a  trochaic 
grouping)  the  average  expiration  lasted  about  .5  sec.  and  the 
inspiration  .3  sec.  The  mean  height  was  3.5  mm.;  each  sylla- 
ble corresponded  to  an  expiration  and  each  pause  to  an  inspira- 
tion. With  the  trochaic  grouping,  an  expiration  lasted  during 
the  time  occupied  by  two  syllables  and  the  intervening  pause, 
giving  an  average  duration  of  .984  sec.  for  the  expiration;  the 
inspiration,  corresponding  to  the  pause  at  the  end  of  the  group, 
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had  a  mean  duration  of  .373  sec.  The  average  height  did  not 
vary  perceptibly  from  that  given  for  involuntary  grouping.  We 
have  in  the  case  of  the  trochee  the  only  instance,  with  the  ex- 
ception of  one  iambic  reading,  in  which  one  expiration  had  a 
duration  equal  to  that  of  a  group  in  the  spoken  rhythm.  It  is 
also  noteworthy  that  the  trochaic  was  the  only  grouping  in 
which  R.  A.  succeeded  in  giving  a  completely  unitary  charac- 
ter to  the  group.  Here  we  have  an  illustration  of  the  effect  of 
the  rhythmic  perception   upon  the  breathing;   i.  <?.,  with  the 
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trochee,  the  most  natural  form  of  rhythm,  the  group  was  per- 
ceived as  an  unit,  and  the  breathing  took  on  the  same  charac- 
ter; with  the  iambus,  dactyl  and  anapcest,  the  breathing  curve 
is  of  a  peculiar  character.     Here,  altliough  an  expiration  cor- 
responded to  each  syllable  and  an  inspiration  to  each  pause, 
wherever  there  is  a  subordination  of  syllables  to  the  group  it  is 
shown  in  the  respiration  curve;  for  example,  in  the  dactyl  each 
group  of  the  respiration  curve  is  divided  into  three  smaller 
parts,  in  which  the  longest  expiration  corresponds  with  the 
first  syllable,  the  shortest  expiration  and  least  excursion  with 
the  second  syllable,  and  the  medium  long  and   high  with   the 
third.     A  complete  failure  to  produce  the  rhythm  was  shown 
quite  as  clearly  on  the  breathing  curve  as  on  the  rhythmic,  by 
a  primary  type  of  breathing.     The  respiration  curves   for  the 
iambus,  dactyl  and  anapaest  bear  evidence  in  the  case  of/?.  A. 
to  an  imperfect  perception  of  rhythm;  while  the  relation  of  the 
syllables  to  each  other  was  perceived,  the  whole  was  not  an  ob- 
ject of  immediate  time  perception   as  with   the  trochee.     We 
have  rather  a  series  of  perceptions  which   are  compared  with 
one  another. 

Tabi,e  L  {a).—H. 
Averages  /or  breathing  during  involuntary  grouping. 


Expiration. 

Inspiration. 

Height. 

6.13  sec* 

3-9       "  * 
4.6       "  * 

4-55     " 
2.66     " 
4.268  " 
3.918  " 

.3     sec 

•3       " 
.268  " 

•319  " 
.291  " 

•3      " 
.288  " 

16.     mmt 
9.7       " 
?       " 

4-68   "    § 

9. 

8.66    " 

6-75    " 

Average,       )           4.289  sec.                      .295  sec. 

7.46  mm. 

♦Another  subject. 

JThe  excursion  of  the  tambour  was  changed  after  this  series. 

§The  first  record  for  H. 


Table  L  {b). 
Averages  for  breathing  during  trochaic  grouping. 


Expiration.                      Inspiration. 

Height. 

4.2     sec 

3-506    " 
4.86      " 
4436   " 

.266  sec. 
.293     " 
.308     " 
•325     " 

6.33  mm. 

4.1     " 

6 

4        " 

Average, 

4.35  sec 

.298  sec. 

5.8    mm. 
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Table  L  (c). 
Averages  for  breathing  during  dactylic  grouping . 


Expiration. 

Inspiration. 

Height. 

5.175  sec. 
4.62     " 

.15    sec. 

.286   " 

6.833mm. 
7-83      " 

Average, 

4.897  sec. 

.208  sec. 

7.331  mm. 

Table  L  (rf). 
Averages  for  breathing  during  iambic  grouping. 


Expiration. 

Inspiration. 

Height. 

3.9     sec. 
4.61     " 

4-75     " 
405     " 
463     " 
405     " 

.25       se 

.283    • 

•3 

•306       ' 

•319       ' 
•34 

c. 

3.8      mm. 

3- 

4- 

3-25       " 

3- 

8.7         " 

Average, 

4.28  sec. 

.299  sec. 

4.425  mm. 

Table  L  {e'). 
Averages  for  breathitig  during  anapcsstic grouping. 


Expiration. 

Inspiration. 

Height. 

6.195  sec. 
4.683     " 
3-6         " 
4.06       " 

.287  sec. 
•325     " 
•31       " 
•356     " 

7.75  mm. 
783       " 
3-2         " 
325       " 

Average, 

4.633  sec. 

.319  sec. 

5.51  mm. 

Table  LI  (a).— C.  D. 
Averages  for  breathing  during  involuntary  grouping. 


Expiration. 

Inspiration. 

Height. 

5.5      sec. 

5-95       " 
6.108     " 
5-958     " 
6.38       " 
5.878     " 
4.58       " 

.625   S€ 
•45       ' 
•325     ' 
.241     ' 

•333     ' 
.561     ' 
.231     ' 

;c. 

8.25  mm. 

10.55       " 
12.8 

10.6        " 

8.5        " 

II.          " 

11.25       " 

Average, 

5.765  sec. 

.395  sec. 

10.41       " 
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Table  LI  (d). 
Averages  for  breathing  during  trochaic  grouping. 


Expiration. 

Inspiration. 

Height. 

1.336  sec. 
1.524    " 
2.247    " 
1.98     " 

.292  sec. 
.328    " 
.278    " 
.209    " 

124  mm. 
3.8     " 
3.2     " 
2.8     " 

Average, 

I. 771  sec. 

.276  sec. 

(5.39)mm  2.76  mm 

.  Table  LI  (O- 
Averages  for  breathing  during  iatnbic  grouping. 


Expiration. 

Inspiration. 

Height 

5.8    sec. 
4.05    " 
7-5     " 
4-95    " 

.4      sec. 

•275      " 
.366      " 

•375     " 

4.75  mm. 

3-75     " 
3.8       " 

4-5       " 

Average, 

5.57  sec. 

•354  sec. 

4.2    mm. 

Table  LI  (rf). 
Averages  for  breathing  during  dactylic  grouping. 


Expiration. 

Inspiration. 

Height. 

4.45  sec. 
4.89    " 
4.99    " 
4.27     " 

.25    sec. 
•342     " 
.312     " 
.318     " 

6.5    mm. 

5- 

4-5      " 

6.33    " 

Average, 

4.65  sec.                    .305  sec. 

5.58  mm. 

Table  LI  (^j. 
Averages  for  breathing  during  anapcsstic  grouping. 


Expiration. 

Inspiration. 

Height. 

2.305  sec. 
336      " 
2. II      " 
2.704    " 

.308  sec. 
•3 

.27    " 

.229    " 

4.05  mm. 
5-6        " 
2.9 
2.5 

Average, 

2.622  sec. 

.276  sec. 

3-53  mm. 
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Table  LII. 
Averages  for  several  series  of  normal  breathings. 


Expiration. 

Inspiration. 

Height. 

C.  D. 
H. 
K.  A. 

2.175  sec. 
2.165     " 
.96       " 

I. 51    sec. 

1-975    " 

.72      " 

7.65  mm. 
14.25      " 
2.89     " 

With  H.  and  C.  D.,  the  perfect  correlation  between  the 
rhythms  of  speech  and  of  respiration  seen  in  R.  A.'s  reading 
was  not  found.  One  expiration  included  from  six  to  ten  sj'lla- 
bles;  thus  one  breathing  curve  covered  several  groups.  The 
only  difference  between  respiration  during  the  free  readings 
and  the  trochaic,  iambic,  dactylic  or  anapaestic  readings  was  the 
greater  height  of  the  curve  during  the  free  reading. 

Comparing  these  curves  with  the  normal,  we  find  in  the  case 
of  /?.  A.  that  the  respiration  time,  both  for  expiration  and  in- 
spiration, is  shortened,  and  the  height  increased.  (The  trochaic 
grouping  is  an  exception,  but  here  her  breathing  curve  ap- 
proximated that  of  C.  D.  and  //. )  R.  A.'s  normal  breathing 
was  very  superficial,  and  became  somewhat  deeper  in  speak- 
ing. With  //.  and  C.  D.,  on  the  contrary,  the  expiration  time 
during  reading  of  the  rhythms  is  considerably  longer  than  the 
normal,  while  inspiration  is  markedly  shorter,  and  height  is 
very  noticeably  decreased.  The  change  in  R.  A.'s  breathing 
is  an  example  of  the  general  rule  that  exercise  increases  the 
depth  and  frequency  of  respiration.  The  reason  that  her  rhythmic 
respiration  curve  is  thus  typical  of  the  respiration  curve  for  ex- 
ercise is  probably  to  be  accounted  for  by  the  fact  that  the  per- 
ception of  the  rhythm  as  such  had  slight  influence  upon  the 
respiration,  z.  e.,  the  purely  physiological  factors  present  in  in- 
creased activity  were  the  important  elements.  But  with  C.  D. 
and  H.  this  general  principle  is  completely  neglected.  We  must 
look  for  some  other  factor  which  has  reversed  the  results.  This 
factor  we  can  reasonabl}^  presume  to  be  an  important  element 
in  the  perception  of  the  rhythm,  since  it  occurs  only  in  the  case 
of  H.  and  C.  D.,  with  whom  the  perception  of  rhythm  is  much 
more  perfect  than  it  is  with  R.  A.  It  is  undoubtedly  a  psychi- 
cal factor,  since  there  has  been  no  change  in  the  physiological 
condition  that  would  bring  about  such  a  startling  reversal  of 
the  general  rule.  The  curve  appears  in  the  main  to  agree  with 
that  given  by  Lehmann^  for  strongly  concentrated  attention. 
In  general,  then,  the  lengthened  expiration  and  decreased 
height  of  the  curve  would  seem  to  indicate  an  attentive  state  in 
which  the  attention  was  directed  forward.     The  great  regu- 

1  Die  korperlichen  ^usserungen  psych.  Zustiinde,  1899,  pp.  68  ff. 
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larity  of  the  curve,  and  the  subnormal  height,  point  to  the  ab- 
sence of  an}'  affective  element.  Lehmann,  in  his  discussion  of 
expectant  attention,  or  in  other  words  an  attention  which  is 
directed  forward  ('  expectant '  has  been  used  so  frequently  to 
connate  a  conscious  state  with  a  strongly  affective  tone  that  it 
seems  well  to  avoid  the  term  in  this  case)  says:  "  Zu  den  Af- 
fekten  oder  Stimniungen  kann  man  diesen  Zustand  nicht 
rechnen,  weil  er  im  Allgerainen  night  gefiihlsbetont  sein  wird." 
Bolton's  Subject  D.  was  inclined  to  refer  all  his  time  judg- 
ments to  what  he  considered  his  natural  rate  of  breathing; 
but  rate  of  breathing,  as  experiments  have  shown,  is  not  a  con- 
stant factor  in  terms  of  which  a  judgment  could  be  made;  it  is 
much  more  likely  to  take  on  the  tempo  of  the  rhythm  than 
vice  versa. 

One  might  perhaps  seek  to  explain  the  peculiarities  of  a 
respiration  curve  by  the  necessary  changes  accompanying 
regular  speech;  but  we  should  hardly  in  that  case  find  such 
pronounced  individual  differences  in  the  curves.  Moreover,  it 
has  been  found  by  others  that  the  hearing  of  rhythm  affects 
the  breathing.  One  subject,  in  the  series  taken  with  adults, 
said  upon  hearing  Disc  5  immediately  after  the  two-group  that 
she  found  her  breath  coming  faster  as  she  listened  to  it. 

No  record  was  taken  of  the  changes  in  the  pulse,  but  it  is 
probable  that  the  change  in  the  pulse  follows  from  the  change 
in  breathing,  and  is  therefore  of  secondary  importance.  Bol- 
ton's Subject  4  reported  that  the  click  which  came  nearest  to 
the  heart-beat  seemed  always  to  correspond  with  it,  and  that 
those  coming  between  formed  a  group. 

§  2.     Concomitant  Movements.  « 

There  are  other  movements  which,  under  certain  conditions, 
frequently  accompany  the  hearing  or  production  of  a  rhythm; 
but  these  have  neither  the  constancy  nor  the  universality'  of  the 
respiration  and  pulse  rhythms;  yet,  as  their  presence  or  ab- 
.  sence  together  with  other  characteristics  of  rhythmical  group- 
ing bears  on  the  general  question  of  the  nature  of  rhythmical 
perception,  they  have  been  noted,  together  with  the  conditions 
under  which  they  arose.  Movements  of  this  sort  were  scarcely 
ever  present  in  the  experiment  with  the  microphone,  while  they 
were  very  frequently  present  in  the  freer  readings  of  Method  I. 
They  were  also  remarked  by  nearly  all  of  the  adult  subjects 
upon  certain  occasions.  Many  of  the  movements  were  appar- 
entl)'  closely  connected  with  the  breathing. 

In  the  reading  of  the  German  children  the  accented  syllable 
was  often  spoken  with  a  strong  expiration  which  threw  the 
head  forward.  Nearly  all  of  the  concomitant  movements  of  the 
German  children  were  of  this  sort.     As  they  were  closely  con- 
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nected  with  the  breathing,  they  could  not  be  classed  in  the 
same  category  with  those  movements  which  are  not  necessi- 
tated by  speech,  but  are  clearh'  the  response  of  the  body  to  the 
rhythm.     For  example,  tapping  with  the  hand  or  foot. 

Table  LIU  (a). 
Concomitant  Movements  of  the  German  Children. 


Expiratory. 

Pendular. 

Upward. 

Trochee. 
Iambus. 
Dactyl. 
Anapaest. 

27 
28 
20 
26 

6 

3 
6 
6 

7 

3 
7 
4 

Although  the  movements  in  far  the  greater  number  of  cases 
were  merely  expirator)-,  there  were  frequent  occurrences  of  a 
pendular  movement;  also  a  raising  of  the  body,  which  was 
always  found  together  with  a  rising  pitch.  In  this  connection 
it  is  to  be  noted  that  Subject  I.  M.  found  the  tendency  to 
movement  stronger  upon  hearing  the  high  tones  than  the  low. 
F.  W.  also  said  that  there  was  an  involuntary  twitching  of  the 
eyelids  upon  hearing  the  high  notes. 

The  movements  of  the  American  children  were  greater  in 
variety,  freer,  and  less  obviously  the  result  of  changes  in 
respiration. 

Table  LIU.  {b). 
Concomitant  Movements  of  the  American  Children. 


Expiratorj'. 

Pendular. 

Upward. 

Nodding  of 
head. 

Foot  and 
hand. 

Trochee. 
Iambus. 
Dactyl. 
Anapaest. 

8 

10 

5 

4 

20 

13 

13 

2 

13 
22 

13 
23 

43 

48 
25 

8 
8 

9 
6 

Absence  of  movement  was  generalh'  correlated  with  imper- 
fect grouping;  only  two  apparent  exceptions  were  noted  in  the 
total  number  of  readings  for  all  classes  and  grades. 

Adults,  when  pendular  movements  were  present,  frequently 
spoke  of  an  association  with  the  clock.  Bolton  notes  the  same 
fact. 

What  is  the  character  of  these  concomitant  movements? 
All,  except  tho.se  directly  resulting  from  respiration,  are  un- 
necessarj'  to  the  motor  rhythm,  and  more  emphatically  so  to  the 
sensor}'.  A  few\  such  as  the  pendular,  seem  to  be  due  to  asso- 
ciations with  external  objects  or  with  movements  of  the  body. 
One  fourth  grade  boy,  when  told  what  he  was  to  do,  was  re- 
minded of  the  movement  of  beating  time.  Subject  W.  M.  found 
that  he  accompanied  the  auditory  rhythm  with  movements  of 
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the  muscles  of  the  throat,  and  that  during  the  course  of  the 
hour  the  throat  tired  noticeably. 

There  are  other  concomitant  movements  which  are  not  so 
readily  subsumed  under  the  principle  of  association.  They 
seem  rather  to  be  of  the  nature  of  diffusive  movements  due  to 
excessive  excitation.     Lehmann^  explains  them  thus: 

"  Es  liegt  nun  einmal  in  der  Beschaffenheit  der  Nervensub- 
stanz  selbst,  dass  jede  hinlaenglich  starke  Reizung  eines  Sin- 
nesnerven  eine  Bewegung  hervorruft,  die  sich  nach  dem  iibri- 
gen  Teilen  des  Nerveusystems  fortpflanzt.  Diese  Fortpflanzung, 
Irradiation,  kann  im  entvvickelten  Bewusstsein  durch  willkuer- 
liche  Hinrichtung  der  Aufmerksamkeit  gevvohnlich  in  bes- 
timmter  Richtung  geleitet  vverden;  ist  der  Reiz  aber  zu  stark, 
Oder  tritt  er  so  plotzlich  eiu,  dass  die  Aufmerksamkeit  nicht 
sogleich  die  richtige  Richtung  einschlagen  kann,  so  wird  die 
Irradiation  wahrscheinlich  nach  alien  Seiten  vorgehen.  Trifft 
die  Bewegung  dann  die  motorischen  Zentren,  .so  ruft  sie  eine 
vermehrte  Innervation  mithin  eine  Kontraktion  der  mit  dem 
betreffenden  Zentrum  verbundenen  Muskulatur  hervor."  Are 
these  movements,  both  the  associative  and  the  diffused,  of  the 
nature  of  expressive  movements,  or  are  they  to  be  regarded  as 
means  by  which  a  difficult  activity  is  reinforced  ?  The  facts 
observed  would  bear  out  either  of  these  presumptions.  One 
first  grade  boy  failed  on  the  complex  forms,  returning  ever}^ 
time  to  a  primary  rhythm.  We  asked  him  to  accompany  the 
spoken  rhythm  with  a  clapping  of  the  hands,  and  he  succeeded 
in  producing  a  dactylic  rhythm  with  marked  time  and  inten- 
sity differentiations,  but  12  sec.  slower  than  the  reading  he  had 
previously  given.  F.  W.  moved  her  fingers  to  the  rhythm,  in 
order  to  place  the  accent  when  she  was  not  sure  of  it.  W.  M. 
says:  "  When  attention  began  to  flag  there  was  a  tendency  to 
keep  the  time  by  bobbing  the  head."  I.  M.,  very  rhythmical 
and  prone  to  accompany  all  sensory  rhythms  with  some  bodily 
movement,  when  asked  to  inhibit  them  and  notice  the  effect  on 
the  rhythm,  found  that  the  rhythm  was  much  obscured;  but  he 
was  not  sure  whether  the  obscuration  arose  indirectly,  through 
the  focusing  of  the  attention  upon  the  inhibition  of  the  move- 
ments instead  of  upon  the  rhythm,  or  directly,  as  a  conse- 
quence of  their  inhibition.  On  another  day  he  reported:  "I 
observed  a  sidewise  movement  of  the  head.  I  think  it  was  by 
this  equal  pendular  movement  that  I  judged  the  duration.  I 
also  observed  that  by  stopping  the  movement  the  rhythm 
disappears  niore  than  on  any  other  occasion."  (With  the  Disc 
employed  the  tones  were  all  of  equal  duration,  intensity  and 

^  Die  Hauptgesetze  des  menschlichen  Gefiihlslebens,  Leipzig,  1892, 
p.  292. 


572  SQUIRE  : 

pitch;  thus  the  rhythm  was  entirely  subjective.)  Bolton's  sub- 
jects found  difficulty  in  maintaining  the  grouping  if  they 
restrained  these  movements. 

On  the  other  hand,  the  children  do  not  appear  voluntarily 
to  accompany  the  spoken  rhythm  with  movements  of  this 
nature  until  they  have  acquired  considerable  facilit}'  in  produc- 
ing the  rhythm. 

Mi.ss  Smith^  makes  an  interesting  inference  with  regard  to 
the  concomitant  movements.  She  believes  that  the  reason  we 
have  come,  in  our  civilized  state,  to  pay  less  attention  to  the 
rhythm  and  more  to  the  content  in  operatic  music  is  that  we 
sit  and  listen,  and  do  not  move  with  the  rhythm.  She  thus 
makes  movement  the  primary  factor  in  rhythmical  perception. 
Meyer*^  also  believes  that  rhj^thm  can  be  directl}^  sensed  only 
through  bodily  movement.  Meumann  (p.  261)  regards  the 
relative  importance  of  the  different  modalities  for  rhythmical 
perception  as  determined  by  their  relation  to  time  estimation. 
The  closer  their  connection  to  time  estimation,  the  greater  is 
their  importance  for  rhythmical  perception.  The  most  import- 
ant in  that  case  are  the  auditory  sensations,  since  they  are  almost 
exclusivel}'  the  source  of  time  estimation.  The  movements, 
then,  are  much  less  important  for  the  perception  of  rhythm, 
since  they  also  serve  us  in  estimating  spatial  relations;  and 
least  of  all  in  importance  are  the  visual  sensations,  since  they 
have  little  connection  with  time  estimation.  But  the  weight  of 
evidence  from  the  facts  of  introspection  and  observation  does 
not  bear  Meumann  out  in  this  respect.  Subjects  have  been 
found,  who,  while  unrhythmical,  were  able  to  estimate  time 
most  accurately.     Cf.  Miss  Smith. ^ 

Several  primary  teachers  were  questioned  as  to  how  the  chil- 
dren learned  new  songs.  The  answers  were  unanimous  that 
the  children  first  learned  the  tempo  by  the  beating  of  time  with 
hands  or  feet.  Wundf*  says:  "  Von  unserer  Bewegung  her.  in 
der  wir  das  Rhythmische  am  friihesten  finden,  nennen  wir  daher 
den  Rhythmus  iiberhaupt  eine  nach  genau  bestimmtem  Mass 
fortschreitende  Bewegung.  Aber  in  der  Feinheit,  mit  der  es 
die  Schritte  der  rhythmischen  Bewegung  aufiasst,  iibertrifft 
dann  unser  Ohr  weit  die  urspriinglichen  Bewegungsempfin- 
dungen."  Buecher,^  after  his  exhaustive  study  of  primitive 
music,  concluded:  "  Ohne  rhythmische  Korperbewegung 
kommt  der  Gesang  bei  diesen  Volkern  iiberhaupt  nichtvor. " 
In  the  primitive  dances,  as  well  as  those  of  children,  where  the 

1  Op.  cit.,  p.  297. 

^Beitrage  zur  deutschen  Metrik,  '97. 

^Op.  cit.,  p.  289. 

*  Grundziige,  II,  p.  91. 

^Op.  cit.,  p.  44. 
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rhythm  of  the  dance,  the  clapping  of  hands,  are  combined  with 
rhythmic  sounds  from  an  instrument,  the  acoustic  rhythm  can 
be  regarded  as  secondary  to  the  rhythmical  bodily  movements. 
There  is  also  an  apparent  priority  in  the  development  of  the 
different  rhythmical  movements.  The  clapping  of  hands  and 
stamping  of  feet  are  earlier  than  rhythmical  speech.  None  of 
the  American  boys  of  the  first  grade  could  succeed  in  produc- 
ing a  rhythm  more  complex  than  the  trochee.  Some  of  them 
failed  even  in  that.  Four  out  of  five  of  these  boys  were  pres- 
ent on  the  day  that  we  tested  them  on  ability  to  clap  the  same 
rhythms,  and  also  the  power  to  keep  a  given  tempo  in  march- 
ing. 

R.  cannot  keep  time  in  marching,  although  he  claps  all  the  rhythms 
successfully. 

E.,  colored,  marches  in  perfect  time;  has  no  difficulty  in  clapping 
any  of  the  rhythmical  forms. 

6".  succeeds  for  awhile  in  keeping  step,  then  misses  it;  succeeds 
with  trochaic  and  iambic,  but  fails  completely  with  dactylic  and  ana- 
paestic forms. 

H.  marches  in  perfect  time,  and  gives  all  the  forms  without  the 
least  hesitancy.  This  is  in  striking  contrast  with  his  inability  to  group 
the  syllables  in  the  same  rhythmical  order. 

Hancock,^  in  a  study  of  motor  ability,  tested  one  hundred 
and  sixty  children  from  five  to  seven  years  of  age  on  ability  to 
beat  time.  They  were  all  successful  with  double  time;  treble 
and  quadruple  were  more  difficult;  but  all  save  fifteen  were 
successful  in  beating  the.se.  As  not  more  than  two  minutes 
were  taken  for  each  te.st,  it  seems  reasonable  to  suppose  that 
with  ten  or  fifteen  minutes  of  careful  training  all  could  suc- 
ceed. Buecher"^  says:  "  Der  Bewegungsrhythmus  ist  also  die 
Ursache  des  rhythmischen  Verlaufs  der  Sprachlaute,  und  wir 
diirfen  vorlaufig  annehmen  dass  Letzterer  ohne  Ersteren  moglich 
ist."  Later,  Biicher  acknowledges  that  the  gap  between  rhyth- 
mical movements  and  rhythmical  speech  is  too  wide  to  make 
it  probable  that  the  latter  was  derived  .solely  and  directly  from 
the  former.  He  therefore  presumes  that  rhythmic  speech  arose 
partly  as  an  imitation  of  the  regularly  recurring  noises  made 
by  industrial  implements  (p.  308).  It  is  difficult,  however,  to 
see  wherein  a  causal  connection  between  the  two  can  be  made 
out.  On  the  contrary,  it  seems  more  probable  that  the  larger 
rhythmical  movements  precede  rhythmical  speech,  only  be- 
cause in  the  one  case  the  co-ordinations  are  grosser,  in  the 
other  finer  and  more  complicated.  The  rhythmical  nature  of 
both  resides  in  the  regularity  with  which  all  bodily  movements 
tend  to  follow  one  another  in  a  healthy  organism. 

1  A  Preliminary  Study  of  Motor  Ability,  Ped.  Sem.,  Ill,  p.  18. 
"-Op.  cit.,  p.  55. 
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The  presence  of  rhythmical  movement  does  not,  as  Meu- 
mann  has  pointed  out,  warrant  the  presumption  that  the 
rhj'thm  as  such  is  perceived;  while  motor  rhythm  is  physiologi- 
cally conditioned,  its  perception  would  involve  other  and 
conscious  elements. 

Ewald  finds  an  anatomical  basis  for  the  close  connection  of 
auditory  and  muscular  rhythm  in  the  two  functions  of  the 
labyrinth;  hearing,  and  the  keeping  of  the  muscles  of  the  body 
in  tone.^ 

§  3.    The  Rhythmical  and  Unrhythmical  Subjects. 

It  is  common  to  separate  all  persons  into  two  classes,  the 
rhythmical  and  the  unrhythmical.  Such  a  clear  cut  division  is 
not  warranted  by  the  experimental  facts.  Numerous  degrees 
in  the  perfection  of  the  motor  rhythm  have  been  shown,  as 
well  as  indications  that  there  are  the  same  gradations  in  the 
perception  of  rhythm;  from  that  of  a  young  child,  who  does 
not  perceive  rhythm  except  as  a  series  of  movements  and  these 
loosely  connected,  to  the  older  children,  whose  perceptions 
were  very  complex,  involving  not  only  numerous  bodily 
rhythms,  but  auditory  and  affective  rhythms  as  well,  all  fusing 
to  a  total  perception;  an  unitary  impression  arising  from  the 
manifold  of  sensation. 

The  Unrhythmical  Subject.  Perception  of  rhythm  may  fail 
because  of  a  physiological  defect,  auditory  or  motor,  or  due  to  im- 
perfect connection  of  the  auditory  and  motor  centers;  or  it  may  be 
psychologically  conditioned.  An  inability  to  control  the  atten- 
tion, or  to  compare  sound  with  sound  or  movement  with  move- 
ment, might  cause  failure  in  perception  of  rhythm.  Still,  this 
does  not  seem  to  exhaust  the  possibilities  by  which  failure  to 
perceive  rhythm  may  arise.  Two  boys  of  the  upper  grade,  one 
German,  the  other  American,  were  decidedly  unrhythmical. 
By  this  we  do  not  mean  that  they  were  totally  unable  to  per- 
ceive rhythm,  but  that  the  forms  which  they  produced  lacked 
the  unitary  character  and  the  completeness  of  those  produced 
by  others.  Yet  they  were  characterized  by  their  respective 
teachers  with  the  phrases  "  denkgriindlich  "  and  "reasons 
everything  out."  Clearly  in  this  case  perception  of  rhythm 
was  not  a  function  of  general  intelligence.  When,  however, 
we  consider  the  direction  of  attention  which  has  been  found 
necessary,  in  order  that  the  subjective  rhythm  may  arise,_  it 
becomes  po.ssible  to  explain  these  cases.  In  the  subjective 
grouping,  there  is  always  a  surrender  of  the  attention  to  the 
series  of  .sounds  not  as  separate  but  as  successive.     With  these 


1  Ewald  :     Untersuchungen  iiber  das  Endorgan  der  Nervus  octavus: 
Wiesbaden,  '92.     Quoted  by  Meumann,  p.  261. 
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boys,  it  is  probable  that  the  attention  was  not  directed  upon 
the  succession  of  sensations  but  upon  the  reason  for  the  ex- 
periment. Such  a  critical,  analytical  state  of  mind  was 
destructive  of  the  rhythm. 

At  the  present  time  we  are  testing  a  student  who  shows  certain  ab- 
normalities in  the  perception  of  sensory  and  motor  rhythm.  The  ex- 
periments are  not  completed.  They  are  ("i)  a  test  of  the  subject's 
perception  of  the  series  of  auditory  rhythms  (the  same  as  given  to  the 
normal  subjects),  upon  which  he  reports  ;  (,2)  a  test  of  ability  to  tap 
certain  required  forms,  the  intensity  and  duration  of  which  are  regis- 
tered by  means  of  a  transmitting  tambour  upon  the  kymograph  drum; 
(3)  a  combination  of  the  first  and  second  tests.  The  subject'reacts  to 
the  auditory  sensations  as  they  are  given.  The  reaction  in  this  case 
is  registered  upon  the  drum  for  comparison  with  the  objective  rhythm 
given  by  the  disc. 

§  4.     How  DOES  Perception  of  Rhythm  differ  from  any 
OTHER  Perception  of  Successive  Stimuli? 

I.  It  appears  to  be  a  phenomenon  characteristic  of  but  two 
modalities,  audition  and  movement.  2.  The  sensations  must 
follow  one  another  regularly  and  within  certain  time  limits,  the 
upper  of  which,  .  i  sec. ,  is  the  average  rhythm  of  the  cortical 
cells.  ^  The  lower  time  limit  for  perception  of  rhythmic  suc- 
cession, I  sec,  is  near  the  lower  limit  of  the  organic  rhythms; 
and  the  most  favorable  rate,  between  .3  and  .6  sec,  corresponds 
to  the  natural  rate  of  certain  bodily  rhythms.^  These  organic 
rhythms  cannot  be  regarded  as  sources  of  the  perception  of 
rhythm;  they  do,  however,  make  a  fusion  of  the  attention  and 
organic  rhythm,  characteristic  of  the  rhythmical  perception, 
possible.  3.  We  compare  the  sen.sations  in  the  series  as  to 
stress.  Stress  may  be  objectively  brought  about  by  temporal, 
intensive  or  qualitative  changes, — in  short  by  any  change 
which  marks  or  differentiates  one  member  of  the  series  from 
another.  We  judge  of  stress  by  the  claim  that  it  makes  upon 
the  attention.  It  may  be  subjectively  brought  about  by  a  regu- 
larly recurring  increase  of  attention.  4.  For  a  comparison  of 
two  or  more  members  of  a  series,  it  is  necessary  that  they 
fall  within  the  bounds  of  immediate  time  perception.  One 
group  corresponds  to  one  pulse  of  attention,  and  the  regularity 
of  the  subjective  rhythm  is  due  to  the  regularity  with  which 
the  pulses  of  attention  succeed  one  another.  When  several 
groups  can  be  reproduced  as  a  whole,  they  may  be  said  to  fall 
within  the  limits  of  immediate  time  perception.  5.  The  peculiar 
effectiveness  of  rhythmical  perceptions  arises  from  their  ten- 
dency to  set  up  sympathetic  vibrations  over  the  whole  body, 

^Text  Book  of  Physiology,  edited  by  E.  A.  Schaefer,  1900.  Vol.  II,  p. 
708. 
^  Op.  cit.,  p.  2690. 
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more  especially  from  their  reinforcement  by  organic  sensations. 
These  sensations  of  like  phases  from  the  different  modalities  fuse 
to  a  total  perception.  The  alternation  of  these  perceptions  we 
term  a  rhythmical  perception.  A  perception  of  rhythm,  then,  is 
never  a  perception  of  successive  sensations,  but  a  perception  of 
successive  perceptions,  each  of  which  arises  from  a  fusion  or 
summation  of  sensations  coming  from  different  sense  continua, 
but  whose  vibration  times  have  like  phases.  6.  Because  of  the 
organic  rhythms,  the  perception  of  rhythm  is  regarded  as 
peculiarly  subjective.  We  are  ordinarily  accustomed  to  refer 
a  complex  of  sensations  to  an  external  object;  but  with  rhythm 
the  sympathetic  bodily  vibrations  cause  us  to  regard  it  as  more 
subjective.  7.  The  unitary  character  of  a  rhythmical  group  is 
dependent  upon  its  unity  for  perception.  This  is  dependent 
upon  a  subordination  among  the  parts.  The  greater  the  unity 
for  perception,  the  greater  is  the  effectiveness  for  reproduction. 
Cf.  Hoeffding:^  "The  more  gradations,  the  more  definitely 
stamped  features  and  relations  a  mental  state  exhibits,  the  bet- 
ter it  can  be  recalled  to  memory."  8,  The  limit  of  the  possible 
number  of  separate  elements  in  a  group  is  determined  by  the 
limitations  of  the  intensive  sensible  discrimination.  9.  Intro- 
spection does  not  warrant  the  position  of  two  hypothetical 
forces,  one  directed  forward,  the  other  backward;  or  the  pres- 
ence of  alternate  feelings  of  strain  and  relief.  What  we  do 
find  by  introspection  is  a  constant  forward  direction  of  the  at- 
tention. The  apparent  discontinuity  in  a  rhythmic  series  is 
conditioned  by  the  discontinuity  in  the  successive  acts  of  atten- 
tion. The  normal  span  of  an  attention  wave  varies  with  the 
unity  and  continuity  of  the  object  of  perception.  "  Er  steigert 
sich  mit  zunehmendem  Sinn."  "  Continua  haben  eiu  gros.seres 
Aufmerksamkeitsfeld  als  DLscontinua."  The  attention  rhythm 
was  well  characterized  by  a  subject  of  Zeitler  in  an  investiga- 
tion of  the  range  of  attention.^  "  Er  konnte  auch  Intervalle, 
Hebungen  und  Senkungen  der  Aufmerksamkeitswelle  con- 
statiren.  Die  Aufmerksamkeit  '  hupfte '  nach  seinen  Angaben 
iiber  die  dominirenden  Buchstaben  in  Complexe,  auf  letzteren 
langer  haftend,  als  auf  deu  unbetonten  Strecken.  Bei  grosseren 
Zeiten  gleitet  die  Aufmerksamkeit  ruhig  iiber  die  Reihenfolge 
der  Elemente  hinweg."  Rhythmical  grouping  may  then  be 
compared  to  a  succession  of  waves,  {a)  The  single  group  cor- 
responds to  one  wave — an  immediate  act  of  attention,  {b')  The 
parts  of  a  group  correspond  to  different  points  in  a  wave;  the 
accented  tone  being  on  the  crest,      (c)  The  pause  is  the  zero 

^Outlines  of  Psy.,  Eng.  Trans.,  p.  241. 

2  Tachistoskopische  Versuche  iiber  das  Lesen,  Phil.  Stud.,  XVI,  p. 
408. 
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poiut  in  the  advancing  wave.  It  is  the  time  when,  in  the 
change  of  attention,  "  wir  nichts  in  iins  vorfinden,"  as  Eber- 
hardt^  expresses  it.  lo.  An  analytical  attention  is  destructive 
of  rhythmical  perception;  the  function  of  attention  in  the  per- 
ception of  rhythms  is  synthetical,  ii.  If  the  single  impres- 
sions are  separated  bj'  a  greater  span  than  that  covered  by  one 
wave  of  attention,  each  impression  stands  alone;  under  regular 
conditions  in  this  case  primary  rhythm  arises.  If  the  rate  is 
too  rapid,  then  there  is  no  perception  of  rhythm.  There  is  only 
a  regular  rising  and  falling  in  the  intensity  of  what  approxi- 
mates a  continuous  sound.  Bolton  believes  that  this  is  because 
the  rate  is  too  rapid  to  find  muscular  expression.  It  is  much 
more  probable  that  perception  of  rhythm  fails  because  the  rate 
exceeds  the  upper  limit  of  the  cortical  rhythm. 

§  5.    The  Influence  of  an  Accompaniment  upon  Tempo. 

The  question  of  the  influence  of  an  accompaniment  upon  the 
tempo  of  the  rhythm  has  been  directly  studied  by  Eberhardt 
(here  the  accompaniment  was  instrumental),  indirectly  by 
Miss  Smith  in  her  experiment  as  to  the  effect  of  rhythm  upon 
work, — the  metronome  gave  the  time  in  this  case, — and  by 
Buecher.  The  latter,  in  his  Rhythvms  und  Arbeit,  has  given 
a  wealth  of  illustrative  material  derived  from  anthropological 
sources.  He  instances  not  only  ca.ses  in  which  rhythm  of 
movement  is  accompanied  by  song  or  instrument,  but  also 
cases  in  which  individuals  accompany  each  other.  The  present 
results  show  only  the  influence  upon  the  time  when  individuals 
accompany  each  other. 

Choriis  reading.  In  the  first  experiment,  immediately  after 
the  individual  readings,  the  five  members  of  each  section  were 
asked  to  give  the  different  rhythmical  forms  in  chorus. 

In  general,  the  time  of  chorus  reading  is  longer  than  the 
average  for  the  individual  reading;  but  there  are  numerous  ex- 
ceptions, especially  in  the  case  of  the  German  children,  whose 
results  at  first  seemed  very  irregular. 

An  accompaniment  appears  to  have  two  functions:  (a)  regu- 
lative, and  (<{•)  excitatory.  Regulative:  when  an  accompani- 
ment serves  as  a  regulator  it  may  either  decrease  or  increase 
the  normal  rate.  The  rate  of  speed  will  be  increased  when  the 
standard  or  leader  has  a  rate  exceeding  that  of  the  separate  in- 
dividuals. It  will  be  decreased  when  the  individuals  are  rela- 
tivel)^  independent  of  the  leader,  i.  <?. ,  when  several  could 
equally  well  lead.  In  other  words,  the  rate  is  decrea.sed  in  pro- 
portion to  the  uncertainty  or  irregularity  of  the  standard.  The 
tone  of  the  leader,  like  the  beat  of  a  metronome,  sets  the  pace. 

^  Op.  cit.,  p.  106. 
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Table  LIV  (a). 
Chorus.     Boys.     American. 


Trochee. 

Iambus. 

Dactyl. 

ANAP.EST. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

1 

23.02 

J"^- 

30-4 

30. 

*29-5l 

*24-    1 

*30-7l 

*20.     ] 

:     I. 

24.7 

*I7.2 

26.7 

*I7- 

28.3   1 

17.2  1 

24.1  1 

15- 

Class. 

21.3 

22.5 

22.2 

*i9. 

22.5   \ 

20.     J- 

21-5   \ 

20.    \ 

20.9 

24. 

23-3 

*24. 

22.8  1 

23-     1 

22.6 

22. 

24.1 

*i6. 

23-3 

*i8. 

23  •  I  J 
25.24 

21. 4J 

21. 7J 

18.     J 

22.8 

251 

24.1 

M.V. 

21.3 

M.V. 

21.6 

M.V. 

21  .1 

M.V. 

19. 

1.36 

M.V. 
3-8 

2.6 

M.V. 
4.28 

2.94 

M.V. 
2.02 

2.68 

M.V. 

2-5 

15-4 

22. 

16.7 

22. 

16. 1 

20. 

15  I 

t22.8 

IV. 

14.7 

17- 

16.2 

17- 

15-5 

:i5- 

14-45 

18.5 

Class. 

15-9 

18.2 

1.49 

20. 

14. 1 

19. 

13-5 

18. 

14.7 

21. 

15.2 

21.5 

13-2 

20. 

14.6 

21. 

15-4 

18. 

15-2 

18. 

14-5 

16.4 

13- 

17.2 

152 

15.6 

14.6 

14-13 

M.V. 

21 .24 

M.V. 

19.7 

M.V. 

18.08 

M.V. 

19-5 

.42 

M.V. 

2-3 

.64 

M.V. 
2.2 

.88 

M.V. 
1.9 

.68 

M.V. 
1-7 

14-45 

18. 

14.2 

16. 

13-2 

16.4 

11.05 

16.4 

VII. 

12.7 

18. 

I3-I 

17- 

12. 

15- 

II-5 

13- 

Class. 

13- 

20. 

13-9 

18. 

II. 2 

17- 

II-5 

18. 

13-5 

14. 

12.4 

15- 

12. 

14- 

II. 6 

12. 

152 

22. 

14-5 

21 . 

12.6 
12.2 

20. 

12.6 
11.65 

17- 

13-7 

13-6 

M.V. 

18.4 

M.V. 

17.4 

M.V. 

16.48 

M.V. 

15.28 

•77 

M.V. 
2.08 

•74 

M.V. 
1.68 

•56 

M.V. 
1. 61 

-38 

M.V. 
2.02 

*  Failure  to  produce  rhythm. 


t  Imperfect. 


X  Notice  time. 


Now  if  the  time  of  the  leader  is  no  faster  than  that  of  the  other 
members,  there  is  also  slowing  of  the  individual  times  due  to 
the  fact  that  each  waits  for  the  other  or  for  the  leader.  This 
is  characteristic  of  the  results  in  general.  Miss  Smith  observed 
two  stone  masons  working  together,  and  found  that  though 
they  were  apparently  working  faster,  the  tempo  was  in  reality 
slower  than  when  each  worked  alone.  Buecher  divides  work 
into  two  classes,  "Arbeit  in  Gleichtakt "  and  "Arbeit  in 
Wechseltakt."'     He  defines  the  function  of  the  first  as  regula- 


1  Op.  cit.,  pp.  130  ff. 
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Table  LIV  (d). 
Chorus.     Girls.     American. 


Trochee. 

Iambus. 

Dactyl. 

Anapaest. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

23.1 
18.7 

*i8.i6 
19. 

22.3 

17-5 

*20.) 
17-  \ 

22.4 
16.7 

*i7-    1 

17- 

22. 
20. 

*i8.    1 

18. 

I. 
Class. 

19.4 

18. 

19.9 

18.  J 

18.6 

29.     \- 

19. 1 

19.   \ 

17.9 

18. 

21.2 

21 . 

16.9 

18.5  1   ; 

17.2 

19. 

21. 

18. 

20.4 

21. 

17. 1 

19.     J 

17.8 

I8.5J 

20.02 

M.V. 

20.6 
M.V. 

1    18.3 
1  M.V. 

19.2 
M.V. 

18.23 

19.4 

20.1 

18.7 

1.76 

M.V. 

•32 

1 .22 

M'.V.  i 
I  52 

1.76 

M.V. 
3-5 

1.24 

M.V. 
•44 

23.1 

26. 

19.7 

24 -5 

19-3 

21. 

21.3 

*2I. 

IV. 

Class 

^9-5 

:i8. 

20.7 

19.2 

18 -5 

ti8. 

16.5 

:i6. 

u 

16.9 

17- 

175 

19. 

15-2 

ti4-2 

14.6 

16. 

14.6 

18. 

16.05 

17-5 

13-7 

15- 

13-8 

ti3- 

158 

16. 

17-5 

17-5 

13-3 

16. 

14. 1 

15- 

17.9 

18.23 

16. 

16.06 

M.V. 

19. 

M.V. 

195 

1  M.V. 

16.8 

M.V. 

16.2 

2.24 

M.V. 
2.6 

I -31 

M.V. 
1.96 

1     2.3 

1 

M.V. 
2.1 

2.61 

M.V. 
1-3 

18.8 

21. 

18.8 

19. 

16.5 

Ji7- 

15-5 

19. 

\^I. 

Class. 

19. 1 

20. 

16.8 

19-5 

16. 1 

18.5 

151 

17.6 

18.4 

18.5 

18.3 

19. 

15-7 

19. 

16. 

17- 

§19- 

5:18. 

175 

175 

155 

17- 

14-3 

16. 

17-3 

18. 

17-5 

18. 

16. 

:i5-2 

15.2 

17-5 

18.5 

17.8 

15.96 

152 

M.V. 

19. 1 

M.V. 

18.6 

M.V. 

17-3 

M.V. 

17.4 

■74 

M.V. 
I.I 

.62 

M.V. 
.68 

.24 

M.V. 
I.I 

.42 

M.V. 
•74 

§  Times  of  all  individuals  unusually  long. 

IT  Here  ISIarjorie  and  Annie  have  much  quicker  time  than  others.  Shows  more 
in  chorus. 

t  There  is  a  lengthening  of  average  time  which  brings  about  incongruity  quite 
as  much  as  the  shortening  of  the  chorus  time. 

tive.  It  holds  the  company  to  the  same  time  and  calls  for  an 
equal  expenditure  of  energy  from  each  of  the  workers.  Though 
he  gives  us  no  data^  as  to  the  comparative  times,  we  should 
probably  find  it  slower  than  the  individual  times.  The  work 
for  each  individual  is  in  this  case  increased;  he  must  not  only 
attend  to  his  own,  but  also  to  his  companions'  tempo. 

^  Buecher  does  not  appear  to  recognize  the  fact  that  the  use  of  an 
accompaniment  may  bring  about  a  retardation  of  the  normal  rate. 
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Table  LIV  (^). 
Chorus.     Boys.     German. 


Trochee. 

Iambus. 

Dactyl. 

ANAP.a;sT. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

26-75 

28.2 

28.5 

28. 

27. 
32- 

32-25 

27-4 

27-6 

29. 

25 -4 
29. 

21-75 
25 -9 
24-8 

25- 

:23-8 

24-25 

27-5 

24-1 

30- 
33- 
27.6 

I. 

Class. 

27.81 
M.V. 
0.72 

20.5 
20.2 
20. 

29. 

M.V. 
2. 

21. 
19. 
21. 

29.08 

M.V. 

2.06 

21. 

195 
21.8 

27-8 
M.V. 
2.26 

21-5 

20. 

t20. 

24-15 

M.V. 

1-72 

18.05 

18.2 

18.8 

24-26 
M.V. 

0.48 

JI7- 
:i8. 

:i7- 

25.27 

M.V. 

1-47 

18.75 

18.7 

18-5 

30.2 

M.V. 

1.8 

24.4 

21 . 

ti7-4 

IV. 
Class. 

20.23 

M.V. 

0.26 

22.8 

21-5 
21.08 

20.5 
M.V. 
0-63 

27. 
22. 

:2i. 

21.22 

M.V. 

0.84 

21.2 
22.  r 
19.8 

20.5 

M.V. 
0-66 

26- 
23-6 

Ji7- 

18-35 
M.V. 

0-3 

19.8 

19-33 
15-8 

17-33 

M.V. 
0.44 

23- 

:i8.8 

+15-4 

18.65 

M.V. 

0.10 

19.6 
20-2 
18.05 

20.9 
M.V. 

2-3 

:i8. 
:i6. 
+13-4 

VII. 

Class. 

22.06 

M.V. 

0.46 

23- 
M.V. 

2-33 

21-03 

M.V. 

0.88 

22.2 
M.V. 

3-4 

18.31 

M.V. 

1.67 

19.06 

M.V. 

2-55 

19.28 

M.V. 

0.85 

15-8 

M.V. 

1.6 

Regulation  at  an  ina^eased  rate.  With  the  younger  children 
especially,  the  inherent  difficulties  of  some  of  the  rhythms 
caused  a  retardation  in  the  individual  time;  but  when  they 
read  in  chorus  the  leader,  always  the  most  rhythmical,  carried 
the  others  along  at  a  rate  considerably  faster  than  their  natu- 
ral tempo.  The  work  of  each  individual  was  decreased;  /.  e., 
instead  of  being  obliged  to  find  the  rhythm  for  themselves, 
which  would  involve  a  compari.son,  more  or  less  difficult,  ot  a  se- 
ries of  perceptions,  their  attention  was  directed  solely  to  the  tone 
of  the  leader.  They  were  thus  able  to  give  the  rhythm  at  a 
rate  which  would  have  been  impossible  to  them  unaided.  The 
same  thing  was  observed  with  the  older  children;  for  example, 
the  German  girls  of  the  seventh  grade.  The  leader  read  very 
rapidly  and  surely;  the  result  was  that  while  the  chorus  time 
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TABI.E  LIV  {d). 
Chorus.     Girls.     German. 


Trochee. 

Iambus. 

Dactyl. 

Anapaest. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

Av. 

Cho. 

27.26 

32-7 
30.8 

33- 
35-     i 
30.     j 

30-3 
31-7 
29.6 

33- 
39- 
32- 

27-3 
29-3 
26.3 

t26. 
33- 

Us-    \ 

30.66 

30- 

30- 

34- 
31.2 

Ui- 

I. 
Class. 

31-7 

M.V. 

2. 

22.52 

21.4 

21.2 

32-7 
M.V. 

1.7 

24.     i 
ti9- 

:i9- 

30-5 
M.V. 

0-73 

19-84 

20.7 

21. 

34-66 

M.V. 

2.8 

20. 
:ri6. 
+17-4 

27.6 

M.V. 

I.I 

19-3 
16.9 

17- 

28.     ' 

M.V. 
3-33 

19. 
ti3-6 
XiA- 

30.22 

M.V. 

0.29 

19-53 
17.14 
17.6 

307 

M.V. 

2-5 

21. 

tl6.2 

ti3- 

IV. 
Class. 

21.7 

M.V. 

0.54 

20.96 

18.76 
195 

20  6 

M.V. 

2.2 

:i7- 

,-i7- 
Ji9- 

20.51 

M.V. 

0.45 

20.62 

18.7 

18.3 

17.8 
M.V. 

1.46 

ti6. 

!:i7-5 

:i6. 

17.7 
M.V. 
1.03 

17.36 
17. 1 
15-6 

15-5 
M.V. 

2.3 

:i7- 

17.2 

:i6. 

18.09 

M.V. 

0.96 

16.6 
15-5 
159 

16.7 

M.V. 

2.8 

16. 
17- 

vn. 

Class. 

19.74 

M.V. 
0.81 

17.6 
M.V. 
0.86 

19.2 
M.V. 

0.94 

16.5 

M.V. 
0.66 

16.68 

M.V. 

0.72 

16.7 

M.V. 
0-5 

16. 
M.V. 
0.4 

14.66 

M.V. 

2.44 

was  slower  than  her  owu  it  was  faster  than  the  natural  time  of 
the  other  individuals  in  the  chorus.  The  results  which  Miss 
Smith^  gives  for  work  to  the  accompaniment  of  the  metronome 
would  fall  under  this  head.  The  standard  in  this  case  had  ab- 
solute regularity  and  stability,  and  served  as  a  director  of  the 
attention;  thus  the  majority  of  the  subjects  were  enabled  to 
accomplish  more  than  when  working  alone  although,  as  Miss 
Smith  further  remarks,  the  quality  of  the  work  suffered.  The 
majority  of  the  subjects  preferred  also  that  the  metronome 
should  give  a  time  somewhat  faster  than  their  normal,  rather 
than  slower. 

When  a  rhythmical  accompaniment  of  constant  tempo  is  em- 


1  Op.  cit.,  pp.  82,  94,  284,  280. 
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plo3'ed  to  regulate  z.  prolonged  activity,  the  result  is  that_  the 
total  time  taken  is  less  than  it  would  have  been  had  the  activity- 
been  unaccompanied.  This  case  naturally  did  not  arise  in  the 
experiment  as  given  here.  But  Buecher  appears  to  regard  it  as 
typical  of  the  affect  of  the  employment  of  an  accompaniment. 
A  quicker  tempo,  as  he  believes,  results  even  when  the  accom- 
paniment possesses  no  more  regularity  than  that  given  by  a  fel- 
low worker.  ' '  Der  Einzelne  lasst  die  Hande  sinken  oder  ver- 
langsamt  das  Tempo  der  Bewegungen,  wenn  er  miide  wird. 
Die  gemeinsame  Arbeit  regt  zum  Wetteifer  an."^  It  is 
doubtful  whether  the  rhythmical  accompaniment  would  in  such 
a  case  act  as  an  excitant;  and,  if  regulative  in  function,  whether 
the  irregular  accompaniment  would  not  really  result  in  a 
slower  tempo  even  though  to  the  casual  observer  there  might 
be  an  apparent  increase  in  rate. 

Eberhardt-  concludes  that  an  accompaniment  shortens  the 
time,  although  his  subjects  were  inclined  to  judge  the  rhythm 
unaccompanied  as  more  rapid.  The  illusion  follows  naturally 
from  the  same  cause  as  the  shortened  time.  It  is  first  to  be 
noted  that  the  standard  in  Eberhardt' s  experiment  possessed 
the  requisite  regularity  and  constancy.  The  attention  was 
directed  upon  the  tones  of  the  accompaniment;  and  the  musi- 
cian in  place  of  making  a  series  of  time  judgments  attended 
only  to  the  tones  of  the  accompaniment  as  they  succeeded  one 
another.  Eberhardt' s  explanation  is  that ' '  der  Musiker  spieltein 
Musikstiick  mit  der  Geschwindigkeit  bei  welcher  die  Gefiihls- 
wirkung,  welche  er  erwartet,  sich  am  deutlichsteu  einstellt;  an 
ihr  hat  er  einen  Mass.stab  fiir  die  Geschwindigkeit."  Now  if 
he  plays  with  an  accompaniment,  the  feeUng  rises  more  quickly, 
and  thus  less  time  is  taken  for  the  production  of  the  piece.  The 
time  taken  for  playing  the  same  piece  upon  a  silent  piano  is 
still  greater  than  that  taken  to  play  without  an  accom- 
paniment. This  Eberhardt  explains  as  the  result  of  the  greater 
psychological  activity  involved  and  the  retardation  in  the 
arousal  of  the  feelings,  in  terms  of  which  the  player  judges  the 
rate  of  succession.  But  these  instances  seem  rather  to  be  ex- 
amples of  the  increased  difficulty  in  the  estimation  of  time 
when  the  number  of  criteria,  in  terms  of  which  a  judgment  is 
made,  is  decreased.  The  fewer  the  criteria  and  the  less  their 
C07istancy,  the  more  difficult  is  the  estimation  of  titne  and  the 
slower  the  rate  of  succession. 

Excitatory.  The  chorus  reading  in  this  case  was  alw^ays 
faster  than  the  average  time  of  the  individuals.  When  all  dif- 
ficulty in  the  production  of  the  rhythms  had  disappeared,  the 

'^Op.  cit.,  p.  31. 
2  Op.  cit.,  p.  149. 
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children  acted  as  a  spur  to  each  other  in  their  reading.  This 
was  true  of  the  German  girls  of  the  fourth  grade  as  well  as 
of  the  American  classes  upon  occasion.  The  manner  of  read- 
ing was  verj'  different  from  that  found  in  the  first  instance. 
The  rhythm  grew  more  rapid  as  they  proceeded;  there  were 
also  evident  signs  of  extreme  pleasure,  and  a  noticeable  ten- 
dency to  accompany  the  rhythms  with  various  movements  of 
hands,  feet,  etc.  It  seemed  to  partake  more  of  the  nature  of 
the  rhythmical  exercises  of  the  primitive  peoples.  Buecher 
cites  numerous  cases  of  '  Arbeit  in  Wechseltakt '  in  which 
rhythm  has  this  function.  Here,  he  finds  that  the  social  feel- 
ings, desire  to  outdo  one  another,  etc.,  predominate  in  contrast 
with  'Arbeit  in  Gleichtakt '  in  which  the  regulative  function 
was  most  prominent.  In  these  instances,  in  which  rhythm  is 
an  excitant,  the  activity  has  become  automatic  and  the  atten- 
tion can  be  freely  directed  to  the  pleasurable  accompaniment. 

Chapter  IV.    The  Nature  op  Rhythm. 

The  generally  accepted  definitions  of  rhythm  emphasize  the 
affective  side.  Wiindt^  defines  it  as  a  complex  feeling  which 
can  under  certain  conditions  pass  over  into  an  emotion.  ' '  When 
the  feelings  produced  by  rhythmical  impressions  become  more 
intense,  as  is  usually  the  case,  especially  when  the  rhythm  is 
connected  with  sensational  contents  that  arouse  the  feelings 
greatly,  they  become  in  fact  emotions."  In  this  feeling  com- 
plex Wundt  distinguishes  two  factors,  {a)  partial  feelings,  and 
{b)  the  unitary  total  feeling  which  is  a  resultant  of  the  manner 
of  connection  of  partial  feehngs.  "  These  partial  feelings  are 
here  the  feelings  of  strained  and  fulfilled  expectation  which  in 
their  regular  alternation  constitute  the  rhythmical  time  ideas 
themselves."^  These  feelings  mediate  the  grouping  of  what 
would  otherwise  be  only  a  series  of  disconnected  impressions. 
The  feeling  of  strain  or  rising  expectation  (both  terms  have 
been  used)  fills  the  interval  between  two  successive  auditory  or 
tactual  impressions;  the  feeling  of  fulfilled  expectation  or  satis- 
faction marks  the  completion  of  the  interval.  Thus  rhythm 
owes  its  integral  nature  and  essential  character  to  the  inter- 
play of  these  two  opposed  feelings. 

Eberhardt^  criticised  Wundt  on  the  ground  that  introspection 
did  not  reveal  the  presence  of  these  two  feelings.  In  place  of 
fulfilled  expectation  he  found  only  an  absolute  emptiness  of 
content  ("  Bewusstseinsleere) .  He  also  objected  to  the  term 
"  rising  "  expectation;  it  is  not  happily  chosen,  since  expecta- 

^  Outlines,  Eng.  Trans.,  p.  169. 
2  Outlines,  Eng.  Trans.,  p.  167. 
^  Op.  cit.,  p.  106. 
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tion,  in  its  usual  signification,  is  directed  upon  an  object.  But 
there  is  no  such  direction  in  the  case  of  rhythm.  If  expectation 
is  used  to  connote  a  feehng  resulting  from  the  complex  made 
up  of  sensations  of  strain  and  centrally  excited  sensations,  then 
the  distinction  between  expectation  and  strained  attention  is 
broken  down.  He  would  therefore  substitute  a  "  feeling  of  at- 
tention "  for  the  Wundtian  term  "  rising  expectation."  "  Die 
Qualitatsungleichheit  wurde  dann  darin  bestehen  dass  einmal 
ein  Gefuhl  der  Leere,  wenn  der  Ausdruck  gestatret  ist,  das  an- 
dere  Mai  das  Gefuhl  einer  bis  zu  gewisser  Spannung  zuneh- 
mender  Aufmerksamkeit  vorhanden  ist."  In  addition,  under 
certain  circumstances,  a  weak  feeling  of  activity  and  of  pleas- 
antness may  be  found;  but  to  these  feelings  Eberhardt  would 
ascribe  a  very  minor  part.  ^ 

We  must  take  exception  to  the  terminology  of  Eberhardt; 
what  he  lias  really  done  is  to  make  attention  mediate  the  sen- 
sation. The  feeling  of  emptiness  is  nothing  but  the  period  of 
inattention  between  the  successive  waves  of  attention.  Why, 
then,  is  it  necessary  to  adopt  a  questionable  terminology  to  ex- 
press undoubted  facts  of  introspection  ?  It  was,  probably,  in 
order  to  give  an  explanation  for  what  Eberhardt  considered 
qualitatively  unlike  experiences,  by  the  introduction  of  two 
qualitatively  different  feelings.  But  this  is  unnecessary;  for 
the  changing  sensations  give  a  suflScient  explanation  for  what- 
ever qualitative  differerences  introspection  may  find  in  the  per- 
ception of  rhythm.  Moreover,  '  feeling  of  attention  '  is  scarcely 
a  legitimate  use  of  the  term.  Had  Eberhardt  omitted  the  term 
'  feeling  '  he  would  have  given  a  satisfactory  explanation  of  the 
facts  of  rhythm  as  introspection  reveals  them. 

Ettlinger  objects  to  Wundt's  use  of  "  strained  and  fulfilled 
expectation,"  (i)  because  the  changing  strain  sensations  are 
from  their  great  variability  an  unsuitable  basis  for  the  "  ein- 
heitlichen  Gefiihlsverlauf. "  (2)  The  "feeling  of  fulfillment" 
would  not  sink  as  suddenly  as  is  demanded  by  the  terms  of  the 
theory.  (3)  The  pauses  might  just  as  well  be  awaited  as  the 
sounds.  For  these  feelings  Ettlinger  substitutes  two  forces,  a 
positive,  which  presses  forward,  and  a  negative,  which  opposes 
the  action  of  the  first.  ^  "  In  der  Isolirtheit  und  kurzen  Nach- 
driicklichkeit  der  einzelnen  Schlage;  da  diese  nun  aber  auch 
die  Trager  des  zeitlichen  Zusammenhanges  sind,  ....  bilden 
sie  die  Ansatzpunkte  beider  Krafte."  When  we  attempt  to  find 
adequate  psychological  terms  for  these  two  forces,  it  appears 
that  Ettlinger  has  only  thrown  the  familiar  facts  of  the  oscilla- 
tion of  attention  into  figurative  language;  what  we  really  have 

1  Op.  cit.,  p.  106. 

2  Op.  cit.,  pp.  175  £f. 
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is  an  explanation  in  terms  of  attention.  The  positive  force, 
'  fortschreitende  Tendenz,'  is  nothing  more  than  a  direction 
of  the  attention  forward.  As  Groos^  says:  "  Die  vorwartstrei- 
bende  Kraft  aller  rhythmischen  Wiederholungen,  besonders 
der  musikali-schen  und  poetischen  Rhythmen,  dieses  unwieder- 
stehliche  Weiterdrangen  dem  wir  uns  so  willig  hingeben,  ist 
Nichts  anderes  als  die  immer  aufs  Kommende  gespannte  Auf- 
merksamkeit."  And  the  phenomena  which  P^ttlinger  explains 
b}'  the  action  of  the  second  force  are  nothing  other  than  the 
objective  and  snbjective  stresses,  which  those  sensations  or 
perceptions  receive  which  become  the  focus  of  attention. 

Other  objections  might  be  urged  against  the  Wundtian  defi- 
nition, (i)  Expectation  could  play  no  part  between  suc- 
cessive impressions  which  follow  each  other  at  a  rate  which 
would  give  rise  to  a  perception  of  rhythm.  This  objection  was 
raised  by  Kiilpe"'^  to  the  hypothesis  that  expectation  and  sur- 
prise mediate  the  estimation  of  short  time  intervals.  The  same 
objection  applies  here.  (2)  If  expectation  mediated  the  group- 
ing, it  would  be  hard  to  explain  the  distinction  between  the 
temporal  character  of  the  grouping  produced  by  the  younger 
and  the  older  children;  it  would  be  the  reverse  of  what  it  is,  for 
the  incapacity  of  children  to  sustain  a  long  suspense  would 
make  the  rhythm  more  rapid  for  the  younger  than  for  the 
older.  As  a  matter  of  fact,  the  times  of  the  younger  are  much 
slower,  the  intervals  longer.  (3)  We  should  also  expect,  if  ex- 
pectation played  any  part,  that  the  iambus  and  anapaest  would 
be  shorter  than  the  trochee  and  dactjd.  But  the  opposite  is 
true.  (4)  The  breathing  curve  does  not  show  the  character- 
istics of  an  expectation  curve.  ' '  Bei  der  Erwartung,  be.son- 
ders  wenn  diese  als  '  gespannte  '  Erwartung  hervortretend  ist, 
wird  eine  Erhohung  der  willkurlichen  Innervation  nebst 
einem  Spasmus  der  organischen  Muskeln  wahrgenommen  " 
(Eehmann).^ 

The  only  other  recent  attempt  to  define  rhythm  has  been 
that  of  Miss  Smith''  who  in  the  main  follows  Meumann  and 
Wundt.  She  defines  it  as  an  emotion,  "  dessen  motorischen 
(und  damit  zum  Theil  auch  die  vasomotorischen)  Aeusserun- 
gen  und  Entladungen  sich  nicht  vollkomraen  frei  ergeben  kon- 
nen,  wie  beim  gewohnlichen  Affect verlauf,  sondern  dessen 
Ausdrucksbewegungen  nach  einem  bestimmten  Schema  zeit- 
lich  und  intensiv  geregelt  sind."  While  this  definition  does 
not  add  anything  that  was  not  implicit  in   the  Wundtian  defi- 

^Die  Spiele  der  Menschen,  Jena,  1899,  p.  183. 
"^Op.  cit.,  p.  405. 

^Die  Hauptgesetze  des  menschlicheu  Gefiihlslebens,  Leipzig,  1892,  p. 
312. 

*  Op.  cit.,  p.  291. 
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nition,  it  ignores  the  perceptual  elements,  which  Wundt  does 
not.  Miss  Smith  goes  so  far  as  to  declare  that  rhythm  disap- 
pears when  the  aflfective  tone  becomes  unpleasant/ 

No  explanation  which  makes  the  affective  elements  funda- 
mental to  rh^'thm  can  be  satisfactory,  (i)  Introspection  shows 
that  rhythmical  grouping  can  occur  in  a  perfectly  mdiflferent 
conscious  state.  This  was  noted  by  the  subjects  of  Bolton  and 
Smith  as  well  as  by  our  own.  (2)  Feelings  become  blunted 
by  repetition.  If  then,  rhythm  originates  in  the  partial  feelings, 
which  Wundt  makes  intermediaries  in  each  and  every  group, 
we  should  expect  a  gradual  weakening  of  the  affective  tone  of 
rhythm  with  prolongation  of  rhythm;  but  this  is  not  true.  As 
a  rule,  the  affective  tone  generally  increases  for  a  considerable 
length  of  time,  especially  when  organic  co-vibrations  are  set  up. 
(3)  The  feeling,  when  present,  does  not  consist  of  a  series  of 
contrasted  feelings,  such  as  any  theory  which  makes  feeling 
the  intermediary  of  grouping  must  presume;  on  the  contrary  it 
runs  a  comparatively  unbroken  course  of  either  gradually  in- 
creasing pleasantness  or,  when  reversed,  of  gradually  decreas- 
ing pleasantness.  The  contrast  brought  out  in  grouping  is 
ideational  in  source.  (4)  No  explanation  of  rhythm  which 
goes  out  from  the  feeling  side  can  successfully  explain  the 
limitations  which  all  groupings  show  (the  limitations  to  the 
two  and  three  grouping  and  their  compounds).  (5)  The 
gradual  growth  of  rhythmical  ability  and  rhythmical  percep- 
tion can  be  accounted  for  only  on  the  grounds  of  its  perceptual 
nature.  (6)  The  characteristics  of  the  affective  cur\'e  are  not 
present  in  the  rhythmic  curve  taken  by  the  pneumograph. 
The  curve,  as  has  been  shown,  is  that  characteristic  of  an  at- 
tentive state.  (7)  Furthermore,  all  the  phenomena  of  rhythm 
can  be  explained  by  the  facts  of  perception. 

How  then  are  we  to  account  for  the  presence  of  feeling?  For 
it  is  not  to  be  denied  that  feeling  is  often  an  accompaniment  of 
rhythmical  perception.  In  this  connection,  the  data  which 
were  given  by  the  adult  subjects,  as  to  the  affective  tone  of  the 
rhythms  given  by  the  different  discs,  are  interesting. 

1 "  Wenn  das  Gefiihl,  welches  durch  taktmaszige  Bewegungen  erregt 
wird,  nicht  angeuehm  ist,  dann  ist  der  Rbj'thmus  (wie  wir  das  Wort 
gewohnlich  verstehen)  nicht  vorhanden,  sondern  vielmehr  ein  Be- 
wusstsein  von  Disharmonie  und  Unbequemlichkeit,"  op.  cit.,  p.  287. 
Introspection  contradicts  this  statement. 

Titchener  (Experimental  Psychology,  Vol.  I,  Part  2,  p.  353)  calls 
attention  to  Meumann's  evident  change  of  view.  In  Meumann's  own 
work  he  emphasizes  the  perception  side  of  rhythm,  pp.  272  f.,  284,  but 
Miss  Smith,  whose  manner  of  treatment  of  rhythm  was  evidently  in- 
fluenced by  Meumann,  defines  it  as  an  emotion,  as  the  passages  above 
quoted  show. 
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B.  B.  The  regularity  of  the  sounds  is  pleasant. 

I.  M.  describes  Disc  5  as  pleasant  and  enlivening. 

S.  says  that  7  is  pleasant,  reminds  of  dance  music. 

B.  B.,  that  rhythm  with  the  forks  having  an  interval  of  the  minor 
third  is  pleasauter  than  with  the  former  forks. 

F.  W.  says  "Disc  6  is  rather  pleasant;  it  reminds  me  of  calling 
some  one."    Disc  9  was  unpleasant. 

E.  P.  finds  Discs  r  and  7  pleasant  by  association  with  sounds  of 
machinerj'.  All  the  other  discs  are  unpleasant.  She  says  later  :  "None 
of  the  combinations  are  pleasant  ;  some  are  even  unpleasant ;  affection 
seems  to  have  worked  off  from  the  combinations  which  were  at  first 
pleasant.  While  in  the  case  of  the  combinations  at  first  indifferent, 
their  perception  is  now  unpleasantly  toned."  With  K.  P.  objectively 
conditioned  rhythms  are  unpleasant;  the  pleasantness  seems  tube  due 
to  associations;  these  are  more  readily  called  up  with  the  more  flexible 
forms,  i.  e.,  those  she  can. herself  arrange. 

E.  V.  B.  finds  Disc  2  disagreeable,  as  some  borders  with  straight 
lines.  (The  affective  tone  is  here  given  by  a  visual  association.)  She 
also  finds  the  two-group  discs  colorless  and  unpleasant  by  contrast 
with  the  three-group  preceding.  Disc  2  is  pleasant,  the  high  tone 
particularly  so  because  of  the  singing  quality.  In  comparing  Disc  5 
with  Disc  I  she  says:      "  It  is  much  pleasanter,  brighter  and  quicker. 

(1)  was  heavy." 

Unpleasantness  arises  where  the  natural  subjective  grouping  is 
obliged  to  overcome  a  strong  objective  rhythm.  E.  V.  B.  found  Disc 
8  unpleasant  for  this  reason.  (8  ai:d  9  for  all  subjects  were  less  pleas- 
ant than  6  and  7.  The  objective  conditions  were  too  strongly  marked, 
there  was  less  chance  for  the  free  play  of  the  individual  tendencies, 
and  there  were  often  resistances  to  be  overcome.)  For  this  same  reason 
F.  W.  finds  Disc  3  not  as  pleasant  as  2. 

The  facts  brought  out  by  these  replies  are:  (i)  Feeling  is 
not  essential  to  the  perception  of  rhythm.  E.  P. ,  who  is  sus- 
ceptible to  all  of  the  illusions,  finds  the  rhythm  pleasant  only 
when  associated  with  the  familiar  sounds  of  the  factory  town 
in  which  she  spent  her  youth.  How  can  a  satisfactory  aesthetic 
of  rhythm  be  ba.sed  of  the  facts  of  rhythmical  illusion, — the 
supposition  being  that  subjects  su.sceptible  to  the  illusion  take 
pleasure  in  rhythm  ?  This  is  the  basal  supposition  of  Ettlin- 
ger's  whole  treatment  of  rhythm;  yet  it  is  not  warranted  by 
introspective  evidence.  The  illusions  have  their  ground  in  the 
facts  of  sensation  and  perception,  and  not  in  those  of  affection. 

(2)  Pleasantness  is  very  frequently  of  an  associative  charac- 
ter. (3)  In  instances  where  the  pleasantness  seemed  to  attach 
to  the  rhythm  per  se,  the  three-group  was  said  to  be  pleasanter 
than  the  two-groupbecau.se  it  was  '  richer,'  '  brighter.'  Those 
succeeding  each  other  quite  rapidly  were  pleasanter  than  those 
having  a  slower  rate.  Regularity  of  .sound  was  found  to  be 
pleasant.  These  instances  can  all  be  subsumed  under  the  rule 
that  a  rhythm  which  is  moderately  stimulating  is  pleasant.  (4) 
In  the  same  connection  it  is  interesting  to  note  what  forms  were 
found  to  be  especially  unpleasant.  These  were  Discs  8,  9,  3 
and  4.     Here  the  objective  conditions  of  the  rhythms  are  very 
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marked.  When  the  form  came  in  conflict  with  a  natural  group- 
ing, the  rhythm  was  unpleasantly  toned. 

Some  writers,  as  Lipps^  and  Groos,^  emphasize  the  associative 
factor.  But  such  explanations  make  the  affective  tone  arise 
from  factors  extraneous  to  the  rhythm. 

Though  the  associative  feelings  are  no  doubt  often  present, 
they  do  not  explain  the  strong  feelings  that  the  perception  of 
rhythm  is  often  able  to  produce;  for  example,  the  cases  of  ec- 
stacy  in  the  rhythmic  dancing  of  the  primitive  peoples  and  in 
the  religious  services  of  the  Southern  negroes.  We  must  look 
for  feelings  which  arise  from  the  very  nature  of  rhythm. 
These  can  be  of  two  kinds,  the  feelings  that  accompany  the 
simple  sensations,  /.  e.,  the  simple  sense  feelings,  and  those 
which  arise  from  the  connection  of  these  sensations,  the  aes- 
thetic feelings.  In  nearly  all  perception  of  rhythm,  the  simple 
sense  feelings  are  undoubtedly  stronger  than  the  aesthetic.  The 
pleasantness  arises  from  the  moderate  and  regular  functioning 
of  the  bodily  organs  and  the  resulting  stimulation  of  the  cor- 
tex. A  moderately  rapid  rate  of  succession  was  found  to  be 
pleasanter  than  a  slow.  Pleasantness  was  increased  when  move- 
ments accompanied  a  sensory  rhythm,  i.  e.,  when  other  cen- 
ters were  excited  together  with  the  auditory.  Hoeffing^  says: 
"Any  sound  naturally  affords  pleasure  merely  because  it  sets 
in  action  the  organs  of  hearing.  The  deafening  music  of  chil- 
dren and  savages  gratifies  nothing  but  this  impulse  in  the 
organ  toward  stronger  function." 

The  great  pleasure  which  children  find  in  rhythm  is  due  to 
the  efficacy  of  rhythm  to  set  up  vibrations  in  other  organs  ot 
the  body,  and  the  consequent  harmonious  activity  of  the  several 
bodily  organs.  The  affective  tone  increases  in  proportion  as 
the  summation  of  excitation  increases,  till  a  state  bordering  on 
ecstacy  may  be  reached.  Ecstacy,  when  it  follows  upon  rhyth- 
mical stimulation,  is  due  to  a  spreading  of  the  excitations  to  a 
greater  and  greater  number  of  centers,  till  the  body  and  the 
whole  of  consciousness  are  set  in  co-vibration.  At  such  times  the 
rhythm  has  become  automatic,  and  the  attention  is  directed 
solely  upon  the  sensations  accompanying  the  diffused  bodily 
movements. 

When  an  auditory  rhythm  has  become  so  familiar  that  the 
excitation  is  insufficient  to  cause  diffusion,  and  the  resulting 
stimulation  of  the  cortex  is  weak,  the  rhythm  is  indifferent. 

The  rhythm  will  become  unpleasant  if  the  rate  of  succession 
exceeds  the  natural  rate  of  the  individual.*    When  the  rhythm 

i^sthetische  Eiufiihlung,  Zeits.  Psych.,  XXII,  pp.  441  ff. 

•^  Op.  ait.,  p.  33. 

3  Outlines  of  Psychology,  Eng.  Trans.,  p.  231. 

*  Miss  Smith  notes  such  a  case,  op.  cit.,  p.  124. 
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is  too  complex  to  be  readily  perceived,  unpleasantness  may  also 
attach  to  it.  The  demand  made  upon  the  cortex  in  such  a 
case  exceeds  its  normal  capacity  for  function.  Of  the  same 
nature  is  the  unpleasantness  which  arises  when  an  objective 
rhythm  through  the  lengthening  of  one  tone  and  accenting  of 
another  disturbs  the  normal  activity. 

The  aesthetic  effect  of  the  rhythm  is  not  due,  as  Wundt  re- 
marks, to  a  summation  of  the  .sense  feelings,  but  ari.ses  from 
the  manner  of  connection  of  these  sensations.  One  arrangement 
of  intensities  is  pleasanter  than  another  because  it  increases  the 
unitariness  of  the  total  impression  and  its  efficacy  for  reproduc- 
tion.^ The  various  possible  arrangements  of  the  objective  fac- 
tors, temporal,  intensive  and  qualitative,  have  a  greater  or  less 
aesthetic  value  according  to  the  approximation  of  the  resultant 
impression  to  a  unitary  character.  Here  is  another  instance  of 
a  pleasantness  arising  from  the  perception  of  unity  in  the  mani- 
fold. It  is  doubtful,  however,  if  the  pleasantness  which  chil- 
dren find  in  rhythm  is  ever  of  this  type.  Generally,  they  had 
no  preferences  as  to  arrangements.  When  a  truthful  report  upon 
the  pleasantness  of  the  different  rhythms  was  given,  the  trochee 
was  commonly  preferred  because  it  was  easier  to  get.  This  was 
clearly  not  an  aesthetic  judgment.  The  pleasantness  of  the 
rhythm  arose  for  them,  undoubtedly,  from  resulting  bodily 
activities. 

1  Cf.  Kiilpe's  treatment  of  aesthetic  feeling,  Grundriss,  p.  264. 
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While  the  vernier  chronoscope  as  described  in  Vol.  IX  of 
this  Jour7ial  has  given  general  satisfaction,  continued  use  of  it 
has  suggested  several  improvements,  some  of  which  have  been 
embodied  in  two  new  models  of  the  instrument.  Model  I  has 
been  given  a  convenient  device  for  adjusting  the  pendulums  at 
their  proper  lengths  and  a  new  and  solider  sort  of  releasing 
key,  without  radical  change  in  the  general  form  of  the  instru- 
ment. Model  II  has  these  improvements  and  also  a  double 
release  key  for  the  shorter  pendulum,  adapting  the  instrument 
to  experiments  involving  discrimination  and  choice,  and  an  elec- 

MODEL   I. 


Fiy.    I. 
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trical  contact  in  connection  with  the  release  key  of  the  longer 
pendulum,  which  greatly  increases  the  varietj'  of  stimuli  that 
can  be  used  with  it.  These  changes  have  involved  a  consider- 
able remodeling  of  the  instrument. 

Adjustment  of  the  Bobs.  It  will  be  noticed  in  the  accompany- 
ing cut  of  Model  I  that  both  bobs  and  the  supporting  post  at 
their  right  are  pierced  with  sizable  holes.  The  upper  one  of 
the  holes  in  the  post  is  bored  at  such  a  point  that  when  a  close 
fitting  rod  is  slipped  through  it  and  through  the  hole  in  the 
bob  of  the  short  pendulum  the  latter  will  have  its  proper  dis- 
tance from  the  edge  of  the  bar  from  which  the  pendulums  hang. 
The  lower  hole  is  similarl}^  placed  with  reference  to  the  bob  of 
the  long  pendulum. 

To  hang  the  bobs  at  their  proper  distance  all  that  is  neces- 
sary is  to  slip  the  rod  through  the  appropriate  hole  in  the  post, 
slide  on  one  of  the  bobs  till  it  reaches  its  proper  position,  pass 
the  thread  twice  through  the  small  hole  in  the  bob,  draw  the 
threads  straight  and  withdraw  the  rod.^ 

Keys  a?id  Releasing  Apparatus.  The  improvements  in  this 
part  of  the  apparatus  consist  in  bringing  the  keys  much  nearer 
the  base  and  in  making  them  more  solid.  The  need  of  vertical 
adjustment  has  been  obviated  by  careful  construction.  The 
links,  which  in  the  old  form  of  the  instrument  were  sepa- 
rate and  liable  to  be  lost,  are  now  permanently  attached  to  the 
bobs.  Among  minor  points  of  improvement  may  be  mentioned 
the  increased  weight  and  larger  surface  of  the  base,  the  better 
shape  of  the  bobs  and  supporting  bar,  a  simplified  means  of 
fastening  the  threads,  the  placing  of  the  holder  for  the  stimulus 
card  on  the  bar  from  which  the  pendulums  hang,*^  and  the  at- 
tachment of  the  screen  holder  to  the  operator's  key  by  a  socket 
and  set-screw. 

^If  the  setting  of  the  bobs  is  to  be  the  same  from  time  to  time  it  is 
necessary  of  course  that  the  threads  be  drawn  up  each  time  with  the 
same  degree  of  tension.  It  is  clear  also  that  any  error  in  the  position 
of  the  holes  in  the  post  and  any  looseness  of  the  rod  in  the  holes  will 
affect  the  length  of  the  pendulums,  though  when  the  threads  are 
drawn  tight  the  latter  is  not  important.  The  holes,  however,  are 
placed  with  care  and  the  errors  arising  from  this  source  are  small, 
and  perhaps  for  practice  work  might  be  wholly  neglected.  Where 
more  exact  results  are  desired  the  swings  may  be  counted  and  the  pen- 
dulums adjusted  by  count,  or  an  arithmetical  correction  applied  as  ex- 
plained in  the  Atnerican  Journal  of  Psychology,  Vol.  IX,  p.  194, 
and  in  Titchener's  Experimental  Psychology  (Instructor's  Manual), 
p.  213. 

2  This  improvement,  which  has  been  used  in  a  considerable  number 
of  instruments  of  the  old  model,  was  suggested  by  Miss  Hattie  E. 
Hunt,  late  of  the  Rhode  Island  State  Normal  School,  Providence. 
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Model  II. 


Fig.  2. 

The  instrument  in  the  form  just  described  has  a  tolerably- 
wide  field  of  usefulness,  as  may  be  seen  by  consulting  the  orig- 
inal description  in  ih'xs  /ouf'nal  or  Titchener's  Primer  of  Psy- 
chology, pp.  182  fif.  It  does  not,  however,  lend  itself  easily  to 
experiments  requiring  the  discrimination  of  two  stimuli  and 
the  choice  of  a  reaction  appropriate  to  one  or  the  other,  nor 
does  it  allow  the  taking  of  simple  reactions  with  stimuli  of  va- 
riable character,  intensity  or  place,  nor,  in  a  very  satisfactory- 
way,  of  those  with  visual  and  electrical  stimulation.  These 
are  all  made  possible  by  the  addition  of  a  second  key  to  the 
releasing  apparatus  of  the  shorter  pendulum  and  of  electrical 
contacts  to  the  release  kej'  of  the  longer  pendulum.  The  in- 
strument in  this  form  is  shown  in  Fig.  2.  The  pendulums, 
supporting  bar  and  post  are  like  those  of  Model  I,  and  the  base 
differs  only  in  being  about  an  inch  wider.  The  new  release 
mechanism  made  necessary  by  the  doubling  of  the  short  pen- 
dulum key  (and  u.sed  in  this  instrument  for  the  long  pendulum 
also)  will  be  readily  understood  from  Fig.  3,  which  shows  it  in 
section  as  used  for  the  latter. 

The  link  of  the  pendulum  is  held  between  a  sloping  boss  and 
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the  conically  hollowed  head  of  a  plunger,  the  plunger  being 
kept  down  by  a  spring.  When  the  key  is  pressed  the  plunger 
is  raised  and  the  link  released.  The  mechanism  is  the  same 
in  the  case  of  the  short  pendulum,  except  that  the  ends 
of  both  keys  come  under  the  foot  of  the  plunger,  so  that 
if  either  15  pressed  the  plunger  is  raised  and  the  pendulum 
released. 

The  electrical  contact  fitted  to  the  operator's  key  is  of  very 
simple  construction.  One  contact  surface  is  placed  on  a  spring 
on  the  upper  side  of  the  key  and  the  other  on  the  point  of  a 


Fig-  3- 

screw  above  it.  The  lower  contact  is  placed  on  a  spring  in 
order  to  insure  good  electrical  connection  without  interfering 
with  the  grip  of  the  plunger  on  the  link  of  the  pendulum.  The 
electrical  circuit  leads  through  the  spring,  the  body  of  the  key 
and  the  base  to  a  binding  post  attached  to  the  latter.  The 
upper  contact  is  of  course  connected  with  a  binding  post  which 
is  insulated  from  the  base.  By  means  of  these  binding  posts 
the  operator's  key  may  be  brought  into  the  primary  circuit  of 
an  induction  coil,  which  on  the  depression  of  the  key  wall 
be  broken  at  the  "^ame  instant  that  the  long  pendulum  is 
released.  By  the  use  of  the  induction  coil  thus  introduced  are 
made  possible  the  various  forms  of  experiment  mentioned 
above.  When,  for  example,  the  secondary  terminals  of  the 
coil  are  connected  with  a  Geissler  tube,  the  apparatus  can  be 
used  for  simple  reactions  to  visual  stimuli;  when  connected 
with  suitable  electrodes,  for  reactions  to  electrical  stimulation 
of  the  skin;  and  when  connected  with  a  telephone,  for  auditory 
stimuli  of  a  very  convenient  kind.  If  the  induction  coil  is  of 
the  sliding  pattern  common  in  physiological  laboratories,  stimuli 
of  varying  intensity  of  any  one  of  the.se  sorts  can  be  given  by 
changing  the  distance  of  the  secondary  coil  from  the  primary. 
Stimuli  in  variable  place  can  of  course  be  obtained  by  putting 
in  several  Geissler  tubes,  pairs  of  electrodes,  or  telephones  in 
parallel  circuit,  and  using  one  or  another  without  the  previous 
knowledge  of  the  subject. 

The  change  in  the  releasing  mechanism  necessitated  a  change 
in  the  clips  for  holding  the  stimulus  card  and  the  screen.      The 
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former  is  placed  on  a  short  post  on  the  base  near  the  left  end 
of  the  operator's  key,  and  the  latter  is  attached  to  a  cam  on  the 
opposite  side,  which  is  turned  by  the  depression  of  the  key. 
These  clips  are  shown  without  the  card  and  screen  in  the  gen- 
eral view,  Fig.  2. 

With  an  instrument  of  this  pattern  all  the  more  important 
experiments  upon  the  time  relations  of  mental  phenomena  are 
possible,  except  those  requiring  the  exact  measurement  of  the 
time  elapsing  between  a  spoken  stimulus  word  and  a  spoken 
reply  by  the  subject;  and  even  here,  with  a  little  practice  the 
operator  can  learn  to  depress  his  key  at  the  giving  of  the  stim- 
lus  word  (and  the  subject  his  key  at  the  -giving  of  his  reply) 
with  ample  exactness  for  all  purposes  of  demonstration  and 
even  of  research. 


FLUCTUATION  OF  THE  ATTENTION  TO  MUSICAL 

TONES. 


By  E.  B.  TiTCHENER. 


Dr.  Heinrich  found;  in  1898,  that  minimal  tones  do  not 
fluctuate  ("  dass  bei  Tonen  keine  Intensitatsschwankungen  zu 
beobachten  vvaren:"  see  Wv\&  Journal,  October,  1899,  XI>  ^^9)- 
The  tones  employed  were  the  high  tones  of  a  Galton  whistle, 
and  tones  from  the  middle  and  lower  regions  of  the  scale  given 
by  organ  pipes  and  wide  glass  tubes. 

In  1899,  H.  O.  Cook,  working  under  my  direction,  found 
that  fluctuation  occurred  with  the  Politzer  acouraeter  (<r^),with 
an  electro-magnetic  fork  of  512  vs.,  and  with  a  blown  bottle 
who.se  tone  was  approximately  that  of  256  vs.  '{ibid.,  123). 

Dr.  Heinrich  replied  in  1900  (see  this  Jour7ial,  April,  1900, 
XI,  436)  that  Cook's  fluctuations  were  due  to  "  bruits  a  peine 
perceptibles."  He  also  published  the  results  of  experiments  on 
perfectly  pure  tones  (the  tones  of  singing  flames,  placed  under 
certain  physical  controls),  which  showed  no  fluctuation. 

We  obtained  a  gas  harmonica  from  Kohl,  and  standardised 
the  two  lower  tones  as  Dr.  Heinrich  prescribed.  The  experi- 
ments were  made  under  my  direct  supervision:  experimenter, 
Miss  J.  A.  Cochran,  a  graduate  student  in  the  Psychological 
Department;  observers,  Mr.  J.  D.  Speer  and  Miss  E.  Parry.  Of 
these,  J.  D.  S.  had  had  special  practice  with  minimal  stimuli, 
and  had  observed  their  fluctuation,  in  various  sense  depart- 
ments; E.  P.  had  had  only  general  practice  in  introspection. 
Ten  series  of  observations  were  taken  from  each  observer.  There 
was  no  flxichiatioyi. 

I  regret  that  the  experiments  could  not  be  carried  farther. 
But  it  is  only  fair  to  Dr.  Heinrich  to  publish  this  confirmation 
of  his  statement.  The  fact  (if  it  prove  to  be  a  fact,  on  farther 
test)  is  one  of  high  theoretical  importance.  The  fluctuations 
have  been  proved  to  be  independent  of  peripheral  conditions,  e. 
g.,  in  the  case  of  sight;  and  I  am  no  more  able  than  is  Dr. 
Heinrich  to  offer  an  explanation  of  their  absence  in  the  case  of 
pure  tones. 
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Experimental  Psychology.  A  Mamial  of  Laboratory  Practice.  Vol- 
ume I,  Qualitative  Experiments,  Part  I,  Student's  Manual;  Part 
II,  Instructor's  Manual,  by  Edward  Bradford  Titchener.  The 
Macniillan  Company,  New  York,  1901.  Part  I,  pp.  xviii-f-214; 
Part  II,  pp.  xxxiii+456.  Price  |i.6o;  $2.50. 
In  these  volumes  Mr.  Titchener  has  accomplished  an  extremely  dif- 
ficult task  with  extraordinary  success.  The  interests  of  solid,  schol- 
arly instruction  in  experimental  psychology  have  been  rendered  an 
invaluable  service,  and  it  does  not  seem  too  sanguine  to  predict  a 
radical  alteration  in  the  academic  status  of  this  branch  of  science,  as 
an  outcome,  direct  or  indirect,  of  Mr.  Titchener's  work.  It  is  not 
implied  by  this  statement  that  experimental  psychology  is  to  come 
to  its  own  instanter  in  the  matter  of  academic  dignity  and  scientific 
repute.  It  will  come  to  that  just  as  speedily  as  its  deserts  really  war- 
rant. Nor  is  it  intended  to  predict,  much  less  to  advise,  a  slavish 
adherence  to  Mr.  Titchener's  views  and  modes  of  procedure.  But  the 
lack  up  to  this  time  of  even  approximate  uniformity  in  laboratory 
instruction,  and  the  very  inadequate  systematizatiou  of  the  elementary 
phases  of  such  work,  have  co-operated  on  the  one  hand  to  detract  from 
its  disciplinary  prestige,  and  on  the  other  hand  to  leave  upon  the 
mind  of  the  average  student  an  altogether  undesirable  impression  of 
incoherent  discontinuity.  The  present  Manuals  furnish  precisely  the 
systematized  focus  which  is  needed  to  bring  together  the  divergent 
practices  of  different  instructors  and  different  institutions.  Whether 
the  books  are  adopted  outright  or  not  in  laboratory  work,  they  offer  a 
perfectly  definite  standard  of  comparison,  which  will  unquestionably 
do  away  with  a  deal  of  needless  misunderstanding;  and  their  methods 
are  so  clearly  superior  to  those  in  vogue  in  many  places,  that  they 
must  infallibly  secure  recognition.  Moreover,  it  seems  wholly  im- 
possible for  a  student  to  work  conscientiously  through  such  a  course, 
without  gaining  the  same  kind  of  mental  discipline,  which  supposedly 
accrues  from  a  substantial  laboratory  course  in  other  lines  of  science. 
Nor  is  it  conceivable  that  he  should  come  from  such  a  drill  without  a 
vivid  sense  of  the  large  and  rapidly  growing  body  of  demonstrable 
facts  and  principles  which  the  experimental  psychology  of  to-day  has 
to  offer.  This  need  not  be  at  the  expense  of  a  just  apprehension  of  the 
extensive  region  still  open  to  speculation  and  controversial  opiniou- 
ating  and  the  more  alluring  domains  as  yet  wholly  unexplored.  But 
the  emphasis  will  fall  where  it  ought  to  fall  with  a  beginner,  i.  e.,  on 
the  side  of  established  achievement,  upon  which  fresh  achievement 
must  be  founded. 

Before  proceeding  to  examine  the  construction  of  the  work  in  its 
details,  it  is  desirable  to  discuss  briefly  the  principle  upon  which 
volume  I  is  distinguished  from  volume  II.  [Volume  II  is  in  course  of 
preparation.]  This  principle  involves  the  severance  of  qualitative 
from  quantitative  experimentation.  How  far  is  such  a  severance  pos- 
sible, and  granting  its  possibility,  how  far  is  it  judicious?  One  need 
not  be  profoundedly  versed  in  the  Hegelian  logic  to  appreciate  the 
impossibility  of  any  absolute  separation  of  qualitative  and  quautita- 
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tive  analyses.  Nevertheless,  chemistry  at  least  has  found  the  distinc- 
tion of  iarfje  practical  utility  and  there  is  at  the  outset,  therefore,, 
some  presumptive  evidence  from  analof^y  in  favor  of  the  incorporation 
into  psychological  methods  of  this  differentiation.  As  applied  to 
psychology  the  distinction  clearly  involves  the  mere  question  of  the 
specific  focus  of  interest.  Are  you  concerned  primarily  with  the 
problem  of  the  constitution  of  a  mental  complex  and  its  analysis  inta 
the  several  component  factors,  then  your  method  is  essentially  quali- 
tative. You  cannot  in  such  a  method  disregard  quantitative  elements. 
Indeed,  you  must  employ  them  as  parts  of  your  technique.  But  your 
interest  is  not  centered  upon  them  as  the  end  of  your  inquiry.  Con- 
versely, a  quantitative  analysis  must  involve  qualitative  differences 
brought  out  in  the  course  of  investigation,  but  in  this  case  they  fall 
into  the  background  as  of  secondary  importance. 

Whether  in  actual  practice  it  is  not  economical  of  time  and  effort 
to  work  over  a  given  field,  e.  g.,  that  of  dermal  sensations,  by  inter- 
mingling quantitative  and  qualitative  experiments,  rather  than  to  fol- 
low out  the  complete  series  of  qualitative  observations  first,  is  a  matter 
which  can  be  decided  only  in  the  light  of  experience  and  the  exigen- 
cies of  local  conditions.  Numerous  considerations,  both  pro  and  con, 
will  at  once  suggest  themselves.  But  despite  Mr.  Titchener's  obvious- 
opinion,  there  seems  to  be  no  reason  why,  after  the  appearance  of  the 
Manual  on  quantitative  work,  an  instructor  should  not  combine  the 
two  in  any  way  he  chooses.  It  may  be,  that  when  this  second  volume 
appears,  the  author  will  assign  quantitative  investigations  a  position 
in  the  hierarchy  of  psychological  methods,  which  will  still  further 
fortifv  the  wisdom  of  his  division. 

It  has  been  a  source  of  the  utmost  gratification  to  the  reviewer  to 
note  the  author's  repeated  emphasis  upon  the  fundamental  importance 
of  qualitative  analyses.  The  present  writer  has  long  felt  that  the 
somewhat  morbid  ambition  of  many  of  our  most  energetic  experi- 
mentalists to  present  the  facts  of  psychology  in  the  purely  quantitative 
formulee  of  physics  and  mathematics  was  retrogressive  and  harmful  in 
its  influence.  It  is  not  that  quantitative  considerations  have  not  an 
important  place  in  experimental  methods.  On  the  contrary,  this  is 
stoutly  maintained.  But  they  must  always  be  ultimately  subservient 
to  the'interests  of  qualitative  analyses,  otherwise  we  have  no  longer 
psychology,  the  science  which  investigates  the  structure  and  function 
of  mind,  but  mathematics — or  physics — indulging  herself  in  a  new 
field.  When  a  student,  who  is  temperamentally  a  physicist  or  a 
mathematician,  strays  into  psychology,  it  should  cause  no  surprise  to 
find  his  perspective  somewhat  distorted,  much  less  to  find  him  at  times 
confusing  means  and  end.  But  it  certainly  does  furnish  adequate 
ground  for  frequent  and,  if  necessary,  vociferous  insistence  on  the 
proper  position  of  quantitative  methods. 

In  the  general  form  and  construction  of  his  book  Mr.  Titchener  has 
consulted  the  best  precedents  of  the  laboratory  manuals  in  other 
sciences.  The  student's  part  contains  in  the  case  of  each  experiment 
a  succinct  and  lucid  statement  of  the  purpose  of  the  experiment,  a 
list  of  the  materials  necessary,  with  explicit  dimensions,  and  definite 
instructions  for  the  mode  of  procedure  and  the  tabulation  of  results. 
Suggestive  questions  at  the  end  of  the  directions  invite  the  student  to 
emphasize  the  most  significant  portions  of  his  observations,  to  connect 
them  with  that  which  he  has  previously  learned,  and  to  go  on  beyond 
the  limits  of  the  original  problem  to  further  questions  of  cognate 
character.  Cuts,  diagrams  and  illustrative  tables  are  liberally  provided. 
In  the  older  sciences  the  question  might  be  raised  concerning  the 
necessity  for  an  instructor's  manual.     But  in  the  present  condition  of 
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experimental  psychology  the  issue  is  hardly  open  and,  if  the  contrary 
opinion  is  held,  a  glance  at  Mr.  Titchener's  Part  II  should  disabuse 
one  of  the  impression. 

The  introduction  contains  an  excellent  discussion  of  general  method- 
ological subjects,  including  a  fresh  pronunciamento  upon  Mr.  Titch- 
ener's favorite  topic,  the  structural-functional  psychology  question. 
The  author's  honest  and  enthusiastic  partisanship  upon  this  matter 
is  considerably  in  evidence  in  both  parts  of  the  Manual.  The  biblio- 
graphical machinery  is  one  of  the  most  striking  features  of  the  volume. 
It  represents  enormous  labor  and  exercise  of  the  nicest  judgment.  So 
far  as  the  reviewer  feels  competent  to  judge,  the  task  has  been  ex- 
ecuted with  the  utmost  conscientiousness  and  with  admirable  sanity. 
In  many  particulars  it  is  distinctly  the  most  useful  bibliography  on 
these  subjects  now  extant.  Each  chapter  is  opened  by  a  brief  critical 
exposition  of  the  facts  and  principles  which  are  to  be  considered. 
These  paragraphs  are  extremely  important,  not  only  by  virtue  of  their 
intrinsic  value  as  clear  formulations  of  complex  situations,  but  also 
as  furnishing  the  instructor  in  large  measure  the  point  of  view  from 
which  the  author  has  made  his  selection  of  experiments  and  ordered 
the  procedure  involved  in  them.  The  commoner  forms  of  apparatus 
are  described  and  often  illustrated  by  cuts.  Alternative  forms  of  ap- 
paratus are  compared  and  in  many  instances  prices  are  quoted  as  well 
as  makers.  The  directions  for  the  indiviilual  experiments  contain  sug- 
gestions for  the  avoidance  of  common  difficulties,  and  answers,  or  indi- 
cations of  the  answers,  to  questions  suggested  in  the  student's  part  of 
the  Manual.  Attention  is  also  called  to  different  forms  of  many  of  the 
experiments  and  emphasis  is  laid  upon  such  features  as  have  been  of 
special  historical  importance,  whether  from  a  controversial  point  of 
view  or  otherwise.  The  tabulated  examples  of  typical  student  observa- 
tions will  be  found  extremely  valuable  and  suggestive. 

The  arrangement  of  topics  resembles  closely  that  followed  in  the 
author's  Outline  of  Psychology.  Experiments  upon  the  various 
forms  of  sensation  furnish  an  introduction  to  the  analysis  of  affection, 
perception,  memory,  etc.  The  instructor  is  advised  against  permitting 
all  of  his  class  to  work  upon  the  same  topic  at  one  time.  There  are 
certain  indisputable  advantages  belonging  to  this  method,  but  the 
reviewer's  experience  leads  him  to  question  the  universal  wisdom  of 
this  policy.  The  conditions  of  the  curriculum  in  many  institutions 
must — to  mention  but  a  single  point — frequently  necessitate  the  com- 
bining of  laboratory  work  with  somewhat  detailed  lecture  work. 
Indeed,  something  may  be  said  for  this  as  intrinsically  the  preferable 
plan.  In  any  case,  where  this  scheme  is  actually  in  operation,  it  be- 
comes almost  essential  to  keep  the  members  of  the  class  upon  closely 
related,  if  not  identical,  problems.  Otherwise  we  involve  either  a 
waste  of  the  instructor's  time  in  needless  repetition,  or  a  loss  of  max- 
imum attainment  on  the  part  of  the  student,  through  injudicious  post- 
ponement of  critical  and  exegetical  lectures.  The  situation  which 
Mr.  Titchener  has  in  mind  is  not  exposed  to  this  criticism,  because 
it  contemplates  an  extended  and  thorough  introductory  course  of  sys- 
tematic lectures.  Moreover,  he  explicitly  calls  attention  to  the  pos- 
sibility of  making  the  experiments  articulate,  as  closely  or  as  loosely 
as  one  chooses,  with  systematic  lectures  and  discussions.  But  it  is 
certainly  problematic,  w'hether  the  attempt  to  keep  the  members  of 
a  class  engaged  upon  different  subjects  does  not  carry  with  it  as  a 
necessary  consequence  the  practical  abandonment  of  general  lectures 
paralleling  the  laboratory  work. 

In  the  selection  of  the  thirty-seven  experiments,  which  constitute 
the  course — designed  to  occupy  a  half  year — Mr.  Titchener  has  put 
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his  judgment  and  experience  to  the  severest  test.  He  will  not  look 
for  unqualified  endorsement  of  this  part  of  his  work  from  his  fellow 
craftsmen,  for  it  is  altogether  improbable  that  any  two  experimentalists 
would  agree  upon  an  identical  series.  He  will  have  scored  a  notable 
success  if  he  escape  the  charges  of  omitting  some  essential  features 
and  incorporating  some  ambiguous,  inaccurate  experimentation.  Al- 
though the  reviewer  proposes  in  a  moment  to  have  his  little  fling  at 
Mr.  Titchener,  he  cannot  conscientiously  lay  either  of  the  above  com- 
plaints at  his  door.  Taken  as  a  whole  the  experiments  serve  admirably 
to  convey  not  only  a  substantial  knowledge  of  the  basal  facts  concern- 
ing the  several  processes  of  fundamental  psychological  import,  but 
also  a  trustworthy  impression  of  the  scope  and  technique  of  the  more 
significant  experimental  methods  employed  for  the  qualitative  analysis 
of  consciousness. 

As  suggestive  of  the  variants  which  would  commend  themselves  to 
the  reviewer,  the  following  may  be  mentioned.  One  or  two  experiments 
upon  the  aesthetic  preferences  among  simple  line  figures  might  be 
added.  These  experiments  are  not  difficult  to  arrange  in  a  manner 
sufficiently  accurate  greatly  to  assist  the  analysis  of  elementary  aes- 
thetic processes.  They  can  readily  be  made  to  furnish  a  highly 
valuable  basis  of  a  concrete  kind  for  an  intelligent  apprehension  of 
the  aesthetic  categories  of  symmetry,  proportion,  etc.  In  view  of  the 
constant  necessity  for  precautions  against  fatigue,  it  seems  judicious 
to  have  at  least  one  experiment  in  which  the  progressive  stages  of 
mental  fatigue  are  themselves  the  subject  of  observation.  Certain  of 
Binet's  computation  methods  are  readily  available  for  this  purpose 
and  they  are  at  least  sufficiently  representative  to  be  of  veal  value  in 
such  a  course.  More  important,  perhaps,  than  either  of  these  experi- 
ments is  the  experiment  involving  the  comparison  of  visual  and  tactual 
space.  Space  is  so  conspicuously  unhomogeneous  in  its  psychological 
characteristics,  and  our  comparative  judgments  are  so  evidently  devel- 
oped achievements  involving  complex  experiences,  that  this  experi- 
ment is  of  great  significance  as  a  ready  and  conclusive  mode  of 
furnishing  relatively  precise  impressions  of  certain  of  the  sensory 
interrelations  concerned.  The  extremely  easy  test  upon  the  so-called 
size-weight  illusion  possesses  a  somewhat  similar  value.  It  is  of  course 
understood  that,  alongside  of  considerations  of  intrinsic  value,  one 
has  in  selecting  one's  experiments  to  take  account  of  available  time. 
The  above  suggestions  may  serve  to  illustrate,  however,  the  comment 
made  a  few  lines  above,  that  every  laboratory  man  would  have  his 
own  pets,  which  he  would  in  some  cases  possibly  prefer  to  Mr.  Titch- 
ener's  recommendations. 

The  one  point  where  the  reviewer  feels  disposed  to  take  serious 
issue  with  Mr.  Titchener  concerns  his  treatment  of  the  physiological 
expressions  of  the  affective  processes.  This  is  an  issue  of  fact  and 
Mr.  Titchener  undoubtedly  is  convinced  of  the  reliability  of  his  ob- 
servations. Certainly  he  couches  his  directions  and  specifications  so 
that — to  mention  only  a  single  instance — one  must  gather  that  one  has 
made  a  faulty  experiment,  if  one  fails  to  secure  dilatation  of  the  blood 
vessels  of  the  hand  and  arm,  when  supposedly  experiencing  pleasure. 
On  this  subject  the  reviewer  is  undoubtedly  partisan  and  therefore 
a  critic  open  to  just  suspicion.  But  he  feels  that  the  body  of  evidence 
presented  in  recent  years  by  the  laboratories  of  the  Sorbonne  and  the 
University  of  Chicago,  without  mentioning  many  other  trustworthy 
observations,  is  sufficient  tow^arrant  a  more  conservative  attitude  than 
the  one  adopted.  In  the  case  of  the  theories  of  reaction,  for  example, 
Mr.  Titchener,  who  has  in  this  field  been  a  vigorous  protagonist,  makes 
a  presentation  which  is  altogether  unprejudicial  to  the  interests  of  the 
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different  views  maintained  by  experimentalists.  In  the  present  case 
of  the  affective  processes  our  criticism  does  not  touch  his  right  of 
adherence  to  the  older  doctrine,  but  rather  the  mode  of  presentation, 
which  in  our  opinion  is  distinctly  indicative  of  finality,  where  finality 
is  quite  open  to  question.  With  Mr.  Titchener's  view  of  the  relation 
of  affection  to  attention  and  the  conspicuous  place  which  attention 
occupies  in  the  experimentation  above  referred  to,  the  nexus  between 
the  older  and  the  newer  formulations  is  by  no  means  difficult  to  estab- 
lish. We  regret,  therefore,  that  the  author  has  not  phrased  this  part 
of  his  work  more  flexibly.  In  a  similar  manner  the  reviewer  is  quite 
confident  that  the  statements  based  on  the  dynamometrical  experi- 
ments are  too  extreme.  A  full  discussion  of  these  points  is,  how- 
ever, obviously  out  of  place  here. 

Despite  the  conventional  unpopularity  of  comparison,  Mr.  Titch- 
ener's book  will  inevitably  be  compared  with  Mr.  Sauford's  Manual, 
which  has  hitherto  occupied  the  field  alone.  A  word  of  comment  on 
the  two  books  may,  therefore,  be  permitted.  In  the  reviewer's  opinion 
the  books  so  far  from  becoming  competitors  are  likely  to  be  felt  as 
indispensable  supplements  to  one  another.  There  can  be  no  possible 
question  that  Mr.  Titchener's  volumes  supply  a  long  felt  need,  which 
Mr.  Sanford's  book  largel}-  failed  to  satisf)-.  We  have  already  pointed 
out  some  of  these  particulars.  But  Mr.  Sanford's  book  has  been  of 
invaluable  assistance  to  every  laboratory  in  this  country,  and  its  wealth 
of  experiments  and  its  convenient  bibliographical  materials  will  retain 
for  it  a  necessary  place  in  every  laboratory  course.  With  two  such 
books  at  his  side  it  must  be  an  ill-trained  and  incompetent  instructor 
who  cannot  make  his  introductory  experimental  work  effective  and 
interesting. 

Mr.  Titchener's  publishers  have  given  his  books  a  most  attractive 
dress.  The  typographical  work  is  beyond  criticism.  Carefully  pre- 
pared indices,  lists  of  apparatus,  etc.,  complete  the  highly  efficient 
system  of  devices  for  rendering  the  material  of  the  volumes  easily 
accessible. 

James  Rowland  Angela. 
The  University  of  Chicago. 

The  origins  of  Art — a  psychological  and  sociological  inquiry,  by  Yrjo 
HiRN.     Macmillan  &  Co.,  1900. 

In  this  carefully  written  volume  of  300  pages  Prof.  Hirn  has  given 
us,  not  only  an  aVjle  discussion  of  most  of  the  current  questions  of  aes- 
thetic theory,  but  has  so  balanced  certain  features  of  explanation  that 
the  result  becomes  original  if  not  completely  just.  Art  is  represented 
as  arising  from  a  feeling-state  or  emotion,  in  which  is  contained  the 
desire  not  only  for  exteriorization  but  for  social  transmission.  In  this 
latter  process  secondary  qualities  arise  which  aid  in  securing  the 
transmission  and  perpetuation  of  the  original  feeling-state.  These 
have  been  derived  from  the  media,  which,  moreover,  were  originally 
called  into  being  by  utilitarian  non-aesthetic  needs.  These  media  are 
not  merely  to  be  regarded  as  the  material,  the  clay,  the  gesture,  the 
mark,  the  sound,  the  bright  or  attractive  object,  but  the  purposes 
already  in  existence  before  the  art-impulse  uses  them  for  its  higher 
needs.  These  are  also  origins,  among  which  Prof.  Hirn  discusses  in 
detail  (i)  the  need  for  conveying  information,  which  in  an  art  form  is 
retained  as  lucidity;  (2)  the  need  for  erotic  propitiation,  or  more 
generally  for  obtaining  favor,  recognized  in  the  sensuous  and  attractive 
forms  of  art;  (3)  the  need  of  co-ordination  in  work  or  war,  retained 
as  stimulation  or  excitement ;  and  (4)  the  faith  in  magic,  giving  us 
the  most  characteristic  quality  of  imagination. 

As  will  be  seen,  this  is  a  scheme  which  fits  in  most  admirabl}-  to  the 
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exigencies  of  research.  These  four  sub-heads  really  classifj-  different 
explanations  that  have  been  offered  of  art  phenomena,  and  thus  form 
excellent  divisions  by  vrhich  the  literature  of  the  subject  may  be  con- 
veniently  treated.  The  book  bears  the  imprint  of  the  serious  scholar 
not  only  iu  its  immediate  contents  but  in  the  very  complete  references 
and  indices  vi'hich  are  appended. 

It  is  to  be  regretted,  however,  that  a  writer  so  subtle  and  discrimi- 
nating as  Prof.  Hirn  has  seemingly  never  deliberately  placed  before 
him  the  chief  aim  of  the  modern  psychologist  iu  all  matters  of  origin. 
This  we  might  say  is  not  so  much  to  analyze  correctly  the  conscious 
processes,  introspectively,  experimentally  or  anthropologically,  and 
to  assume  the  beginning  of  these  processes  as  to  any  extent  original  ; 
but,  taking  such  an  analysis  as  a  starting-point,  both  to  enquire  what 
light  it  throws  upon  processes,  no  doubt  partially  represented  although 
not  consciously  related,  and  to  discover  how  these  partially  repre- 
sented processes  affect  the  analytic  starting  point.  Consciousness  thus 
becomes  something  like  a  tool  with  which  we  essay  to  unearth  the 
buried  tree  of  phylogenetic  mental  life,  a  tool,  however,  made  from 
this  very  tree  itself. 

Retaining  a  firm  hold  upon  this  genetic  point  of  view,  we  may 
readily  admit,  with  Prof.  Hirn,  that  the  already  evolved  or  present 
art  impulse  may  use  and  transpose  purposes  of  magic,  purposes  of 
erotic  propitiation,  etc.,  without  denying  that  possibly  one  or  other  of 
these  motives,  or  rather  what  lies  back  of  them,  may  not  have  created 
the  art-impulse  itself.  To  illustrate  by  an  analogy  the  mud  wasp  does 
not  build  its  cell,  fill  it  with  spiders  alive  but  numb,  and  lay  its  eggs 
for  any  conscious  reproductive  purpose,  but  it  is  yet  the  reproductive 
instinct  which  leads  to,  and  creates,  or  is  the  deepest  origin  of  the  acts 
in  question.  The  appeal  to  consciousness,  although  in  one  sense  ulti- 
mate, must  be  interpreted  much  more  broadly  and  genetically  than  is 
apparent  in  the  book  before  us.  When  one  looks  for  ultimate  origin 
he  looks  for  something  deeper  than  individual  or  social  purpose. 

In  the  view  of  the  present  writer.  Prof.  Hirn  is  never  stronger  than 
at  the  start.  All  the  facts  of  recent  research  converge  to  render  unas- 
sailable his  claim  against  the  intellectualist  and  in  favor  of  the  emo- 
tionalistic  interpretation  of  art.  But  in  showing  what  is  contained  in 
the  art  feeling-state  or  emotion,  Prof.  Hirn  unfortunately  deserts  his 
original  position  and  continually  offers  conscious  intellectual  purposes 
as  the  essential  content  of  his  explanations.  This  is  shown  iu  his  first 
step  introducing  the  social  factor  where  he  makes  it  an  essential  feature 
of  the  art-impulse  that  it  should  convey  the  feeling-state  to  others. 
To  convey  not  only  art  feelings  but  every  kind  of  feeling  and  thought  to 
others  is  no  doubt  essential  to  normal  human  beings,  but  there  is  no  proof 
that  this  decidedly  not  autoteleological  purpose  makes  any  particular 
art  production  either  more  or  less  artistic.  When  an  artist  consciously 
tries  to  shape  his  product  so  that  it  may  be  acceptable  to  others  he 
may  as  frequently  be  destroying  its  real  artistic  quality  as  not.  In  the 
same  way  it  is  no  doubt  true  that  the  art  impulse  tends  to  enhance  or 
relieve  an  emotional  state,  and  Prof.  Hirn  is  particularly  excellent  iu 
his  analysis  of  these  effects,  but  there  is  no  proof  that  this  conscious 
purpose  is  to  be  looked  upon  as  their  origin,  or  indeed  as  always  favor- 
ing their  manifestations. 

An  illustration  will  make  this  plainer  and  also  bring  to  light  a 
feature  of  the  art  psychosis  neglected  by  Prof.  Hirn.  Pres.  G.  Stanley 
Hall  in  his  study  on  Children's  Fears  gives  the  case  of  little  girl  who 
on  going  to  bed  imagined  the  room  tenanted  by  crawling  shapes  of 
every  kind.  After  enduring  this  for  many  nights  she  came  to  imagine 
the  four  big  lions  stalked  into  the  room  and  took  up  their  positions  as 

JOURNAI, — 13 


6o2  LITERATURE. 

defenders  at  the  four  corners  of  the  bed.     At  this  point  the   little  girl 
fell  peacefully  asleep. 

These  few  events  have  all  the  essentials  of  a  little  drama,  but  with- 
out desire  to  communicate  it  to  others,  nor  was  there  any  conscious 
purpose  to  relieve  the  state  of  mind.  The  conscious  efforts  had  no 
doubt  been  already  tried  and  found  ineffectual,  and  that  partly  be- 
cause they  were  conscious  or  known  to  be  intended.  It  is  only  when 
the  lions  stalk  in  of  themselves  that  the  imagery  becomes  a  drama  or 
a  real  art  product. 

It  is  this  completion  of  a  train  of  feeling  with  its  images  in  such  a 
way  as  to  become  satisfactory  but  without  depending  on  outside  help, 
that  is  the  essential  feature  of  the  art  psychosis  neglected  by  Prof. 
Hirn,  and  which  accounts  not  only  for  such  stories  as  Red  Riding 
Hood,  but  modern  novels  where  the  authors  report  that  these  charac- 
ters seem  to  them  to  have  a  life  of  their  own  which  they  feel  forced  to 
obey  and  follow  in  their  delineations.  This  is  manifest  in  music  and 
dancing,  but  also  in  the  graphic  forms  where,  for  example,  as  in  paint- 
ing, the  picture  as  it  becomes  artistic  and  not  a  mere  photograph,  as- 
serts itself  as  the  meaning  of  the  objects  portrayed,  which  latter  are 
changed,  augmented,  decreased,  selected  or  emphasized,  so  that  the 
picture  recalls  nature,  but  also  completes  or  adds  to  it,  much  in  the 
same  way  as  the  lions  and  their  emotional  accompaniments,  stalked 
into  the  scene  of  the  little  girl  and  made  it  a  satisfactory  play. 

With  this  difference  in  the  analysis  of  the  essential  feature  of  the 
art  psychosis  it  is  easier  to  see  the  possibility  of  the  completed  Art 
state  or  emotion  being  derived  from  a  deeper  lying  emotion  or  state 
which  has  so  combined  with  the  other  contents  as  to  transform  or 
complete  them.  In  the  case  of  the  little  girl,  it  was  a  sthenic  emotion 
of  some  kind  which  came  in,  accompanied  by,  either  slightly  before  or 
slightly  after,  the  entry  of  the  lions.  The  question  for  the  psycholo- 
gist is, what  is  the  original  phylogenetic  form  of  this  sthenic  emotion? 
That  it  was  an  emotion  not  so  much  of  self-confidence,  but  of  love  and 
reliance  on  another,  with  a  characteristically  feminine  sense  of  protec- 
tion is  an  indication.  All  the  better  for  the  phylogenetic  interpreta- 
tion that  it  occurs  in  a  case,  where  any  conscious  sexual  purpose  or 
feeling  must  be  absent.  Indeed  Prof.  Hirn's  assumption  that  the 
phrase  "  erotic  propitiation  "  describes  the  theory  of  the  sexual  origin 
of  art,  rather  than  narrows  it,  and  perhaps  degrades  it,  is  of  itself  suf- 
ficient to  blind  him  to  the  real  value  of  the  theory,  for  further  appre- 
ciation of  which  the  reader  may  be  referred  to  the  present  writer's 
article  in  Vol  VII  of  this  Journal.  Colin  A.  ScoTT. 

Sowremtnennaja  experinientahiaja  psychslogija  w  jejr  otnoshenii  k 
woprossani  schkohiago  oboitchenija.     [Modern  experimental  psy- 
chology in  relation  to  questions  of  school  instruction.]    By  Alex- 
ander Netschajeff.   St.  Petersburg,  1901.  pp.  236,  with  79  tables. 
The  species  of  psychological  pessimism  "  made  in  Germany,"  which 
Miinsterberg  has  been  endeavoring  with  so  much  ardor  to  introduce 
into  America,  has  apparently  not   infected   Russia.     Dr.  Netschajeff' s 
book  is  a  strong  earnest  plea  for  the  application  of  experimental  psy- 
chology to  education  and  a  refutation  of  the  dogma  that  this  new  sci- 
ence is  not  of  direct  value  to  the  teacher.     He  admits  that  the  teacher 
need  not  necessarily  be  an  experimenter  herself  ;  but  that  she  must  be 
familiar  with  the  results  of  experimental  psychology  ;  and  he  believes 
that  these   results   are   easiest   comprehended  when   one    knows   the 
methods  and  steps  by  which  they  have  been  reached. 

The  first  chapter  discusses  the  adaptation  of  the  school  programme 
to  age  and  mental  capacities  of  children.  The  author  cites  from  Gil- 
bert's studies  made  at  New  Haven    facts  which  tell  strongly  against 
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rigid  uniformity.  The  second  chapter  discusses  the  school  day  with 
special  reference  to  the  effects  of  meutal  fatigue.  He  very  clearly 
shows  that  the  best  intellectual  work  can  be  done  only  when  frequent 
rest  pauses  are  taken.  Recesses  must  therefore  be  provided  with  suf- 
ficient frequency  to  afford  opportunities  for  recuperation.  In  no  sense 
can  gymnastics  take  the  place  of  the  free  spontaneous  exercises  which 
the  recess  affords.  Indeed,  the  author  is  very  pronounced  in  his  oppo- 
sition to  gymnastics — at  least  as  required  in  the  Russian  schools.  They 
are  stiff  and  mechanical  and  military,  he  affirms,  and  are  heartily 
hated  by  the  children.  In  the  third  chapter  he  discusses  some  of  the 
factors  involved  in  healthy  meutal  development.  With  young  chil- 
dren objective  methods  are  strongly  commended.  The  fourth  and  fifth 
chapters  discuss  various  problems  of  school  instruction — means  of 
training  the  memory,  uses  of  oral  reading,  acquisition  of  skill  in 
mechanical  exercises,  etc. 

The  style  of  the  book  is  clear  and  simple  as  it  is  intended  for  the 
use  of  Russian  teachers.  All  the  author's  statements  are  well  sup- 
ported with  facts  from  experimental  psychology,  and  his  familiarity 
with  a  wide  range  of  investigations  made  in  Germany,  France,  and 
America  is  quite  remarkable.  One  finds  frequent  citations  in  his  book 
of  the  excellent  investigations  made  at  Clark  University,  Yale  Univer- 
sity and  other  seats  of  learning  in  the  United  States  where  the  value  of 
psychology  for  teachers  is  illustrated  and  emphasized. 

Wiivi,  S.  Monroe. 
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Gustav   Theodor  Fechner,  von  Wii^helm  WundT.     Wilhelm   Engel- 
mann,  Leipzig,  1901.     pp.  92. 

Wundt  here  sums  up  in  an  admirable  and  comprehensive  way  Fech- 
ner's  views  upon  nearly  all  of  the  chief  topics  to  which  his  life  was 
devoted,  viz.,  personality,  the  night  view  of  things,  the  problems  of 
life,  consciousness,  God,  the  psycho-physic  scale  of  the  world  and  of 
immortality,  the  day  view,  the  Zend-Avesta.  In  the  supplement  of 
thirty  pages,  personal  memories  are  related.  His  relation  to  the 
philosophy  of  our  time  and  spiritualism  are  summed  up,  and  his  own 
method  is  characterized.     In  the  appendix  a  list  of  his  works  is  given. 

Histoire  et  Solution  des  Problemes  Mitaphysiques,  par  Charles  Re- 
NOUVIER.  F.  Alcan,  Paris,  1901.  pp.  477. 
This  work  is  a  development  of  that  part  of  the  author's  dilemmas 
of  pure  metaphysics  in  which  he  condensed  the  chief  theses  in- 
volved in  sustained  thought.  He  deals  with  the  ancient  world,  the 
systems  of  Plato,  Aristotle,  and  their  successors,  Neo-platonic  Chris- 
tianity, theological  pantheism,  synthetic  and  critical  philosophy, 
materialism  and  atheism,  and  the  present  state  of  philosophy  in 
France. 

U Annee  Philosophique.  (F.  Pillon.)  Vol.  XI,  1900.  F.  Alcan, 
Paris,  1901.  pp.  316. 
The  first  131  pages  are  devoted  to  four  essays  ;  one  by  Brochard  on 
myths  in  the  philosophy  of  Plato,  by  Hamelin  on  the  origins  of  Spi- 
nozism,  one  by  Dauriac  on  the  categories,  and  one  by  Pillon  a  critique 
of  Bayle  and  of  Cartesian  spiritualism. 

Etudes  de  Psychologic,  par  J.  J.  Van  Biervliet.  F.  Alcan,  Paris, 
1901.  pp.  201. 
We  have  here  four  essays,  the  longest  on  right  and  left  handedness 
and  the  asymmetry  of  the  nervous  system  and  of  functions,  followed 
by  briefer  essays  on  visual  illusions,  illusions  of  weight,  and  on  the 
relations  between  circulation  and  cerebration. 

On  the  Psychology  and  Physiology  0/  Reading,  by  Edmund  B.  Huey. 

(Thesis.)     Reprinted  from  \.\\&  American  Journal  of  Psychology, 

Vols.  XI  and  XII.  pp.  22. 
These  studies  deserve  more  than  passing  notice,  for  they  mark  an 
important  technical  step  in  advance  in  our  methods  of  studying  the 
act  of  reading.  Most  interesting,  perhaps,  is  the  discovery  that  the 
eye  does  not  move  steadily  along  the  line,  but  goes  by  hitches  and 
starts. 

Les  Tiniides  et  la  Timidity,  par  Paul  H.^.rTenberg.  F.  Alcan,  Paris, 
1901.  pp.  264. 
These  data  are  based  upon  self  observation,  questionnaires,  direct 
questions,  experiments  and  bibliographies.  The  themes  discussed  are 
definitions,  attacks  of  timidity,  traits  of  the  timid,  evolution,  cause 
and  varieties  of  fear,  morbid  fears,  prophylaxis  and  therapeutics. 
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HypnotisiH  and  Suggestion  in  Therapeutics,  Education,  and  Refortn, 
by  R.   Osgood  Mason.     Henry   Holt  and  Co.,   New  York,   1901. 
PP-  344- 
The  chapters  here  are  the   subjective  element  in   the   newer  thera- 
peutics, the  relation  of  hypnotism  to  the  subconscious  mind,  cases  in 
general    practice  treated   by  hypnotism  and   suggestion,    educational 
uses  of  hypnotism,  forms  of  suggestion  useful  in  the  treatment  of  in- 
ebriety, six  cases  treated   by  hypnotism  without  suggestion,  and   the 
ethics  of  hypnotism. 

Mental  Wanderi?ig,  by  William  Julius  Mickle.  Brain,  Part  i, 
1901.  pp.  26. 
The  distinctive  features  of  this  paper  deal  with  partial  or  com- 
plete transient  division  of  self  consciousness  in  mild,  quiet  delirium, 
attempts  to  analyze  phantasmal  experiences;  the  metamorphosing 
effects  of  sleep  dream  ;  and  the  lively  emotion  of  play  in  mental  wan- 
dering. 

Studien   iiber    die  Narkose  zugleich   ein   Beitrag    zur  allgemeinen 
Pharrnakologie,  von    E.  Overton.     Gustav   Fischer,   Jena,    1901. 
PP-  195- 
After   a   general    part   characterizing   anaesthetics   and   the  various 

methods,  the  writer  discusses  the  chief  hypotheses  on   the  mechanics 

of  narcosis.     In  the  special  part,  which  follows,  the  narcosis  of  ether 

and  chloroform  are  treated  in  great  detail. 

Les  grands  Symptotnes  Neurasthdniques  ^Pathoginie  et  Traitement), 
par  Maurice  de  Fleury.  F.  Alcan,  Paris,  1901.  pp.  412. 
The  sensation  of  fatigue,  the  condition  of  the  circulatory  apparatus 
in  neurasthenics,  troubles  with  sleep,  digestion,  excretion,  the  genital 
system  and  the  mini,  are  the  captious  under  which  the  writer  gives 
us  an  interesting  and  comprehensive  survey  with  suggestive  tables 
and  charts. 

L' Opinion  et  la  Foule,  par  G.  Tarde.  F.  Alcan,  Paris,  1901.  pp.  226. 
The  relations  of  the  crowd  to  opinion  and  the  way  in  which  they  in- 
fluence it  are  here  made  the  subject  of  a  very  interesting  memoir.  The 
data  are  gathered  not  only  from  normal,  but  from  criminal  groups, 
and  we  have  here  interesting  contributions  also  the  psychology  of 
conversation. 

Eaglehazuk  and  Crow.     A  Study  of  the  Australian  Aborigines,  by 
John  Mathew.    New  Amsterdam  Book  Co.,  New  York,  1900.  pp. 
288. 
The  writer's  novel  views  upon  the  anthropology  of  Australia  are  es- 
sentially that  the   language  of  the  extinct  Tasmanians  was  the  sub- 
stratum of  the  Australian  languages ;    that  they  were    the   first   occu- 
pants of  the  country  ;   that  it  was  settled   not  from  the  northwest,  as 
Eyer  had  urged,  but  from  the   northeast;   that  the  amalgamation  of 
the  two  races  offered  an  explanation  of   the  existence  of  two  primary 
exogaraous  classes  through  the  greater  part  of  Australia.  The  work  is 
largely  linguistic  and  abounds  in  tables  and  vocabularies. 

Races  and  Peoples.  Lectures  on  the  Science  of  Ethnography,  by  Daniel 
G.  Brinton.  David  McKay,  Philadelphia,  1901.  pp.  313. 
The  physical  elements  of  ethnography  ;  the  psj'chical  elements  of 
ethnography  ;  the  beginnings  and  subdivisions  of  races  ;  the  Eurafri- 
can  race,  including  the  Hamitic,  Semitic,  Euskaric,  Aryac  and  Cau- 
casic  stocks,  are  treated  in  the  first  five  lectures.  Then  follow  the 
Austafrican,    including    the    Negrillos,    Negroes   and   Negroids  ;   and 
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finally  the  Asian  race  with  its  two  branches  of  Siuitic  and  Sibiric. 
The  three  concluding  lectures  are  on  insular  and  littoral  peoples,  in- 
cluding Negritic,  Malayic  and  Australic  ;  the  American  race ;  and 
problems  and  predictions,  including  the  ethnographic  problems  and 
the  destiny  of  races. 

The  First  Interpreters  of  Jesus,  by  George  Holley  Gilbert.  The 
Macmillau  Co.,  New  York,  1901.  pp.  429. 
The  first  interpreters  of  Jesus  are  still  first  in  influence  and  author- 
ity. The  writer  fears  this  has  not  been  sufficiently  recognized.  The 
question  is  just  what  do  these  writers  teach  ;  what  is  central  and  what 
subordinate  in  each  ;  M'hat  is  their  point  of  view  and  what  did  they 
seek  to  impress  upon  their  readers?  In  this  spirit  the  author  consid- 
ers the  teachings  of  Paul,  those  of  the  minor  writers,  and  those  of 
John,  in  the  three  parts  of  his  book. 

Das   Leben  Jesu   bei  Paulus,   von  Richard  Drescher.    J.  Ricker, 
Gicssen,  1900.     pp.  65. 
The  author  discusses  the  Pauline  conception  of  Jesus  in  each  of  his 
leading  epistles. 

Die  Bildersprache  Jesu  in  ihrer  Bedeutungfitr  die  Erforschung seines 
inneren  Lebens,  von  Heinrich  Weinel.  J.  Ricker,  Giessen,  1900. 
pp.  49. 
The  writer  takes  his  point  of  departure  from  Jiilicher  and   attempts 

a  "  hermeneutics  psychologically  oriented."     The  endeavor  is  to  find 

the  psychic  experience  that  is  presented  in  or  lurks  behind   each   of 

the  analogies. 

Die  Anfdnge  tmserer  Religion,  von  Paul  Werxle.  J.  C.  B.  Mohr, 
Tiibingen,  1901.  pp.  410. 
Under  the  section  on  the  origin  of  religion  the  writer  discusses  the 
calling  and  prophecy  of  Jesus,  the  primitive  Christian  community,  the 
church,  the  earliest  theology,  Paul,  Jesus  among  the  heathen,  the 
theory  of  redemption,  the  anti-Judaic  apologetics,  the  Pauline  gnosis, 
the  apocalypse.  The  other  section,  on  the  development  of  the  church, 
describes  the  decay  of  prophecy  and  the  apostolate,  the  origin  of  the 
episcopate,  the  ascetics,  saints  and  martyrs,  the  further  development 
of  theology,  relations  to  Greek  thought,  and  piety  in  the  post-apos- 
tolic age. 

Die  philosophischen  Grtmdlagen  der  Theologie  Richard  Rothe's,  von 
Walther  Flade.      August    Hoffmann,    Leipzig-Reiidnitz,    1900. 
pp.  148. 
This  is  an  inaugural  dissertation  which  treats  its  subject  under  the 
captions  of   the  analysis  of  consciousness, — animal   and   human,  self 
determination  as  a  psychic  and  ethical  idea,  relations  to  the  external 
world,  transition  to  ethics  in  the  narrow  sense  and  the  idea  of  its  pro- 
cesses,  ideality   and  reality,   philosophy  and   theology,   religion   and 
morals. 

Christentum  und  Darwinismus  in  ihrer  Versohnung,  von  Hermann 
Franke.  Alexander  Duncker,  Berlin,  1901.  pp.  128. 
The  writer  discusses  the  battle  for  a  coherent  view  of  the  world,  the 
essence  of  Christianitv,  of  evolutionism,  the  relation  of  the  latter  to 
the  Christian  doctrine  of  salvation,  primitive  religion,  Hebraism, 
Christianity,  development  and  revelation,  Christian  morals  and  evolu- 
tion. 
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Kant  contra  Haecket,  von  Erich  Adickes.  Reuther  uud  Reichard, 
Berliu,  1901.     pp.  129. 

The  thesis  here  is  that  Haeckel's  view  of  the  world  is  not  monism, 
but  materialism.  The  latter  is  refuted.  True  monism  is  described  as 
at  once  probable,  yet  incredible.  The  conceptions  of  a  world  riJiile  is 
described  as  one  of  the  signs  of  our  times. 

Ideen  zur  Philosophie  der  Geschichte  der  Philosophic,  von  Moritz  v. 
Str.\sze\vski.  Wilhelm  Braumiiller,  Wien,  1900.  pp.  50. 
The  writer  praises  as  the  three  chief  ends  of  philosoph}'  the  deepen- 
ing of  the  religious  life,  the  unitary  presentation  of  the  spiritual  con- 
tent of  our  time,  and  the  distinction  between  the  appearances  and  the 
facts  of  knowledge. 

The  Philosophy  of  History,  by  S.  S.  Hebberd.  Published  by  the 
Author,  La  Crosse,  Wis.,  1901.  pp.  311. 
The  chapters  here  are  the  nature  of  thought,  the  civilization  of  In- 
dia, classical  and  mediaeval  civilization,  the  reformation  and  the  gene- 
sis of  science,  modern  art  and  moralit}',  social  revolutions  since  the 
reformation.  The  author's  studies  have  been  careful  and  extensive, 
and  his  work  is  an  admirable  and  original  treatment, which  merits  a  far 
better  dress. 

The  Life  of  the  Bee,  by  Maurice  Maeterlinck.     Translated  by  Al- 
fred Sutro.     Dodd,  Mead  and  Co.,  New  York,  1901.     pp.  427. 
This  is  an  admirably  told  story  of  the  swarm,  the  young  queen,  the 
nuptial  flight,  the  massacre  of  the  males,  the  progress  of  the  race,  etc. 
The  writer  has  carefully  utilized  the  standard  authorities. 

The  Limits  of  Evolution  and  Other  Essays  Illustrating  the  Meta- 
physical Theory  of  Personal  Idealism,  by  G.  H.  Howison.  The 
Macmillau  Co.,  New  York,  1901.     pp.  396. 

The  most  remarkable  thing  about  this  able  and  remarkable  book  is 
its  attempt  to  vindicate  the  stamlpoint  that  all  existence  is  either  the 
existence  of  minds  or  that  of  the  items  and  order  of  their  experiences  ; 
that  time  and  space  owe  their  entire  existence  to  the  relations  of 
minds,  the  co-existence  of  which  is  not  temporal  or  spatial.  These 
many  minds  may  by  an  ancient  metaphor  be  called  the  city  of  God. 
God  is  their  fulfilled  type,  the  bond  of  their  union,  reigning  in  them 
b)'  light,  reason  and  final  causation.  These  minds  are  members  of 
an  eternal  republic  with  no  origin  but  a  purely  logical  one  and  free 
of  and  controlling  the  natural  world.  They  constitute  the  whole  world 
of  spirits,  including  God,  united  through  recognition  of  him  ;  and 
thus  ihey  are  the  real  prime  mover  toward  the  goal  of  a  common  ideal, 
now  called  evolution.  As  the  mind's  creation  simply  means  the  eter- 
nal fact  that  God  is  a  complete  moral  agent,  and  sucli  dependence  on 
him  that  if  he  did  not  exist  they  would  not,  because  raised  to  reality 
in  and  through  his  existence. 

This  new  monadology  with  its  able  and  ingenuous  supplements  is 
most  opportune  in  this  day  when  epistemology  has  resolved  the  soul 
into  an  accidental  drifting  together  of  essentially  unconnected  psychic 
states.  It  will  strike  many  as  a  hazardous  step,  but  it  is  certain  no 
more  so  than  the  desperateness  of  the  situation  justified.  To  have 
thus  turned  the  instinctive  longing  for  immortality, which  is  a  passion 
with  many  minds  as  it  was  with  the  late  F.  W.  H.  Meyer  toward  such 
an  hypothesis,  though  it  be  but  as  a  protest  to  the  morselizationists, 
is  not  only  a  clever  strategic  move,  if  one  wished  to  regard  it  from  a 
merely  controversial  standpoint,  but  Professor  Howison's  hypothesis 
is  in  the  line  of  most  of   the  earlier  psychological   thinking   of   the 
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world,  and  squares  with  one  of  man's  deepest  instincts.  Demonstrable 
it  is  not  any  more  than  is  the  post-mortem  existence  of  souls  after 
death  as  assumed  by  the  telepathists,  but  its  argumentation  is  far  above 
and  has  nothing  to  do  with  theirs. 

The  Lesson  of  the  Life  of  Huxley,  by  William  K.  Brooks.     From 
the  Smithsonian  Report  for  1900,  pp.  701-71 1.     Govt.  Print,  Wash- 
ington, 1901. 
These  few  pages  are  perhaps  the  most  interesting  and   suggestive 

that  have  been  or  even  could  be  written  on  its  subject  by  our  leading 

American  biological  thinker,  who  can  appreciate  and  judge   not  only 

the  technical  but  the  philosophical  work  of  Huxley. 

Dragons  of  the  Air,  by  H.  G.  Seeley.     D.  Appleton  and   Co.,  New 
York,  1901.     pp.  239. 
This  account  of  extinct  flying  reptiles,  with  80  illustrations,  is  by  a 
thorough  master  of  his  subject,  who  has  worked  it  over  in  lectures  at 
the  Royal  Institution. 

Outlines  of  general  Biology,  by  Charles  W.  Hargitt.  C.  W.  Bar- 
deen,  Syracuse,  N.  Y.,  1901.  pp.  164. 
After  ten  years  experiment  with  this  new  departure  from  the  old 
verification  methods,  this  work  takes  up  the  frog  and  fern,  and  then 
considers  the  animal  and  vegetable  cell,  and  selects  as  types  the  hy- 
dra, medusa,  fungi,  earthworm,  starfish,  sea  urchin,  clam,  crayfish, 
grasshopper,  liverwort,  moss  and  flowering  plant. 

Aether  und  Wille  oder  Haeckel  und  Schope7ihauer,xon  Richard  Wag- 
ner. Hermann  Seemann  Nachfolger,  Leipzig,  1901.  pp.  238. 
We  have  here  eleven  somewhat  rambling  but  not  uninteresting  dis- 
cussions of  HaeckeU  Schopenhauer,  cause,  space,  time,  genius,  etc. 
On  the  whole  it  is  an  interesting,  but  not  very  luminous  or  novel  vol- 
ume. 

Energismus,  von  Josef  Schlesinger.  Karl  Siegismund,  Berlin,  1901. 
PP-  554- 
This  is  the  doctrine  of  the  absolute  resting  but  substantial  existence 
of  the  general  space  of  worlds  and  its  effective  and  creative  power  in 
an  attempt  to  build  up  an  anti-materialistic  natural  science.  The 
author  is  a  Professor  in  the  Agricultural  School  at  Jena,  and  develops 
his  views  in  forty  discourses. 

The  Octocyst  of  Decapod  Crustacea  :  Its  Structure,  Development,  and 
Functions,  by  C.  W.  Prentiss.  From  the  Bull,  of  the  Mus.  of 
Comp.  Zoology,  Vol.  XXXVI,  No.  7.  Cambridge,  Mass.,  1901.  pp. 
251,  with  10  plates. 

Revision  of  the  Skunks  of  the  Gemis  Chincha,  by  Arthur  H.  Howell. 
North  American  Fauna,  Aug.,  1901,  No.  20.  Govt.  Print,  Wash- 
ington, 1901.     pp.  47,  with  plates. 

The    Commonwealth   of  Cells.      Some   Popular   Essays   on    Human 

Physiology,  by  H.  G.  F.  Spurrell.     Bailliere,   Tindall  and   Cox, 

London,  1901.     pp.  115. 

This  booklet  describes  living  matter,  the  chemistry  of  the  bod}-,  its 

mechanics  and  physics,  the  nervous  system,  and   the  body  generally, 

in  five  popular  essays  with  two  or  three  score  of  rough  illustrations. 

The  Protozoa,  by  Gary  N.  Calkins.    The  Macmillan  Co.,  New  York, 
1901.     pp.  347. 
This  is  a  summary  adapted  to  the  needs  of  both  general  and  special 
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students  of  biology.  Its  subject  matter  is  treated  from  the  historical, 
comparative,  and  general  point  of  view.  Its  index  and  bibliography, 
the  latter  of  which  is  up  to  date,  greatly  increase  its  value. 

Dictionary  of  Philosophy  and  Psychology,  edited  by  James  Mark  Bald- 
win.    Vol.  I,  pp.  644.     The  Macmillan  Co.,  New  York,  1901. 

This  is  the  first  volume  of  a  long  expected,  needed,  and  comprehen- 
sive work.  It  includes  mau)'  of  the  principal  conceptions  of  ethics, 
logic,  aesthetics,  philosophy  of  religion,  mental  pathology,  anthro- 
pology, biolog)',  neurology,  physiology,  economics,  political  and  social 
philosophy,  philology,  ph)'^sical  science,  and  education,  and  gives  a 
terminology  in  English,  French,  German  and  Italian.  We  withhold 
final  review  until  the  appearance  of  the  other  two  volumes.  Suffice  it 
to  say  here,  that  it  promises  to  be  a  work  entirely  indispensable  to 
every  pupil  and  student  of  the  subject. 

A  Manual  of  Psychology,  hy  G.  F.  Stout.  Hinds  and  Noble,  New 
York,  1899.     pp.  643. 

This  work  claims  to  be  from  a  genetic  point  of  view  and  illustrates 
the  earlier  stages  by  reference  to  the  mental  life  of  animals  and  the 
conditions  of  lower  races  ;  ^but  it  should  be  distinctly  said  that  it  is 
essentially  the  stock  subject  matter  of  psychology,  and  is  genetic  in 
hardly  any  sense  except  that  it  places  sensation  first,  and  passes  on  to 
perception,  conception,  etc. 

New  Psychology,  by  J.  P.  Gordy.  Hinds  and  Noble,  New  York,  1900. 
pp.  402.     Price,  |i.oo. 

This  primer,  which  has  now  reached  its  seventh  edition,  recognizes 
the  newer  departments  of  child  study,  brain  and  nerve,  Herbartian 
interest  and  apperception,  and  is  designed  for  progressive  young 
teachers,  who  have  not  been  to  college.  Questions  are  appended  to 
all  its  brief  forty-two  chapters. 

Die  Element  der  Psychologic,  von  H.  de  Raaf.  H.  Beyer  und  Sohne, 
I,angensalza,  1901.     pp.  132. 

The  formation  of  concepts,  their  movement,  thinking  and  under- 
standing, logical,  aesthetic,  moral,  and  religious  consciousness,  and 
finally  self-consciousness,  are  the  subjects  treated. 

Contributions  to  a  Psychological  Theory  of  Music,  by  Max  Meyer, 
University  of  Missouri  Studies,  June,  1901,  Vol.  I,  pp.  80.  Price, 
75  cents. 

Professor  Meyer,  formerly  Wundt's  assistant,  is  one  of  the  best  liv- 
ing authorities  on  the  psychology  of  music  from  the  physicist's  stand- 
point. He  is  certainly  now  our  American  authority,  and  his  years  of 
careful  experimentation,  first  at  Clark  and  for  a  year  in  Missouri, 
have  distinctly  enlarged  our  knowledge  of  this  subject  and  resulted 
in  important  corrections  of  the  views  of  Helmholtz  and  other  pre- 
vious writers.  In  this  valuable  paper,  Dr.  Meyer  first  discusses  the 
aesthetic  laws  of  melody,  containing  only  two  different  notes,  and  then 
the  complete  musical  scale.  This  is  followed  by  an  analysis  of  thir- 
teen complex  melodies  ;  i.  e.,  of  melodies  not  related  directly  to  each 
other,  so  that  it  must  be  theoretically  dissolved  into  partial  melodies. 
Most  interesting  are  the  fourth,  fifth  and  sixth  chapters  on  the  psy- 
chological laws  effective  in  the  historical  development  of  melody  ;  on 
the  theory  of  melody  ;  and  the  aesthetic  laws  of  harmony. 
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Studies  from  the  Yale  Psychological  Laboratory,  &^\\.e:6.  by  Edward  W. 
Scripture.  Vol.  VIII,  1900.  Yale  University,  New  Haven,  Conn. 
pp.  123. 

This  eighth  volume  contains  a  safe  test  for  color  vision  by  the  edi- 
tor ;  researches  on  movements  used  in  writing ;  a  second  series  of 
cross-educatioii  studies  ;  and  a  computation  of  a  set  of  simple  direct 
movements. 

Laboratoire  de  Physiologie  de  I'  Universite  de  Turin.  Travaux  des 
Annees  1899-1900  publics  sous  la  direction  de  A.  Mosso.  Hermann 
Loescher,  Turin,  1901.     pp.  222. 

The  most  important  studies  here  are  blood  pressure  ;  uterine  tem- 
perature ;  the  transplantation  of  testicles ;  the  law  of  voluntary  mus- 
cle work  ;  the  function  of  tactile  corpuscles  ;  the  oscillation  of  tactile 
sensations  produced  by  stimulus. 

La  Psychophysiqne,  par  Marcel  FoucaulT.  F.  Alcan,  Paris,  1901. 
pp.  491. 

The  first  part  characterizes  Fechner  and  his  predecessors ;  the  sec- 
ond is  entitled  evolution  and  criticism  of  psycho-physics  and  describes 
the  work  of  Helmholtz.  Plateau,  Delboeuf,'Hering,  Breton,  Charpen- 
tier,  G.  E.  and  F.  C.  Miiller,  Titchener,  Orchansky,  Ebbinghaus,  Boas, 
Stumpf,  Henri  and  others. 

Vision,  by  W.  H.  R.  RiVERS.  Appendix  by  C.  G.  Seligmann.  Reports 
fif  the  Cambridge  .\nthropological  Expedition  to  the  Torres 
Straits.     University  Press,  Cambridge,  1901.     pp.  140. 

This  paper  of  132  quarto  pages  is  devoted  to  a  report  of  a  very  care- 
ful study  of  the  visual  power  of  the  natives  as  to  acuity,  color,  and 
spatial  perception. 

Imitation  or  the  Mimetic  Force  in  Nature  and  Human  Nature,  hj 
Richard  Steel.  Simpkin,  Marshall,  Hamilton,  Kent  &  Co., 
Ltd.,  London,  1900.     pp.   197. 

Imitation  is  considered  in  successive  chapters  in  economics,  psy- 
chology, ethics,  religion,  politics,  law,  custom  and  fashion,  language, 
poetry,  fine  art,  habit  and  instinct,  heredity,  in  molecular  forces,  se- 
ries and  in  reasoning. 

La  psiche  nei  fenomeni  delta  vita,  di  G.  Sergi.  F.  Bocca,  Torino,  1901. 
pp.  221. 

The  writer  seeks  to  sum  up  here  in  fourteen  chapters  the  recent 
studies  of  psychic  phenomena  in  the  lowest  forms  of  life.  His  chief 
themes  are — vital  movement  and  energy  in  uni-  and  plura-cellular  or- 
ganisms ;  excitability  in  living  substance;  sensibility  as  a  biological 
property  ;  the  idea  of  movement ;  consciousness  a>  a  psychic  character  ; 
the  conscious  direction  of  movements;  instincts;  psychological  he- 
redity; mnemonic  reproduction;  psychological  interpretation;  soul 
and  life. 

Memory.  An  Inductive  Study,  by  Frederick  W.  Colegrove.  Henry 
Holt  and  Co.,  New  York,  1901.     pp.  369. 

This  is  a  second  revised  edition,  with  an  introduction  by  President 
G.  Stanley  Hall,  and  it  is  a  volume  that  is  sure  of  a  place  in  the 
library  of  every  psychologist,  and  is  worthy  the  careful  perusal  of 
every  teacher. 
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Proceedinf^s  of  the  Society  for  Psychical  Research.  Oct.,  1901,  Vol. 
XVI,  Part  XLI.  Kegan  Paul,  Trench,  Triibner  and  Co.,  London, 
1901.     pp.  649. 

Here  at  last  we  have  Professor  J.  H.  Hyslop's  study  with  Mrs. 
Piper  of  the  problem  of  personal  identity.  The  author  throws  out  the 
question  of  the  supernormal  and  of  spiritualism  generally.  Spiritism 
as  an  alternative  explanation  to  telepathy,  we  are  told,  is  nothing 
more  than  the  question  whether  the  brain  of  the  medium  is  adequate 
to  account  for  the  facts.  During  his  entire  work  Professor  Hyslop  has 
not  remarked  "  one  single  suspicious  circumstance."  The  last  half  of 
the  volume  is  an  appendix  of  four  sittings,  with  notes.  We  hope  to 
give  a  fuller  review  of  this  study  later. 

The  Practical  Secrets  of  the  Neiv  Psychology  and  Mind  vs.  Medicitte  in 
the  Treatment  of  Disease,  hy  ].  Sam  Jones.  Harrison,  Ark.  pp. 
136. 

These  precious  pages  of  this  little  1:5  pamphlet  must  not  be  meas- 
ured solely  by  the  value  of  their  scientific  message  to  a  world  lying  in 
ignorance  of  soul  secrets,  but  also  by  their  power, when  rightly  applied, 
to  treat,  if  not  cure,  all  diseases.  Appendicitis,  bashfulness,  corns, 
business  success,  control  of  children,  deafness,  fits,  freckles,  "la 
grippe,"  love  making,  nervousness,  paralysis,  pimples,  piles,  stam- 
mering, sleeplessness,  the  tobacco  habit,  whiskey  habit,  warts,  etc., 
may  all  be  affected,  if  not  cured,  by  the  new  psychology  here  taught. 

Studies  on  the  Ejfects  of  Electricity  on  Organisms.  II.  The  Reactions 
of  Hydra  to  the  Constant  Current,  by  Raymond  Pearl.  Re- 
printed from  the  Amer.  Jour,  of  Physiology,  Vol.  V,  June,  1901, 
pp.  301-320. 

Der  Ursprung  der  Sprache,  von  F.  Lutgenau.  Hermann  Seemann, 
Leipzig,  1901.     pp.  32. 

Experitnentell-Psychologische  Untersuchungen  Uber  das  Urteil,  von 
K.  Marbe.     W.  Engelmann,  Leipzig,  1901.     pp.  103. 

De  Vinfluence  de  V esprit  sur  le  corps,  par  Dr.  Dubois.  Schmid  and 
Francke,  Berne,  1901.     pp.  92. 

Ueber  Sinneswahrnehtnungen  und  Simiestduschungen, von  Dr.  Korn. 
Vogel  und  Kreienbrink,  Leipzig,  1901.     pp.  29. 

A  Text-book  of  Medicine  for  Students  and  Practitioners,  by  Adolf 
Strumpell.     D.  Appleton  and  Co.,  New  York,  1901.     pp.  1242. 

This  magnificent  work,  now  in  its  third  American  and  thirteenth 
German  edition,  and  with  185  illustrations,  is  a  w-ell  known  standard 
work,  which  has  been  now  almost  wholly  rewritten.  It  thus  retains 
all  the  merits  of  the  earlier  production,  while  it  has  the  advantage  of 
being  most  nearly  in  line  with  recent  investigations.  It  should  have 
a  place  in  the  library  of  every  physician.  Its  indexes  and  convenient 
arrangement  of  subject  matter  make  everything  accessible. 

Textxira  del  sistema  7iervioso  del  hovibre y  de  los  vertebrados,  -par  S. 
Ramon  Cajal.  Vol.  I,  pp.  566  ;  Vol.  II,  pp.  224.  Nicholas  Moya, 
Madrid,  1899-1900. 

At  last  we  have  a  summary  by  the  author  of  his  neurological  studies 
illustrated  by  313  cuts,  all  of  which  I  believe  are  entirely  original. 
Fuller  review  will  be  given  upon  appearance  of  last  half  of  volume. 
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Atlas  of  the  Nervous  System,  hicluding  a?t  Epitome  of  the  Antomy, 
Pathology,  and  Treatment,   by   Christfried  Jakob.     Edited  by 
Edward  D.  Fisher.     W.  B.  Saunders  and   Co.,  Philadelphia,  1901. 
pp.  218,  with  112  colored  lithographic  figures  and  139  other  illus- 
trations. 
This  is  largely  a  voluuie  of  brain  maps,  many  of  which  are  colored, 
and  are  in  some  respects  better  than   anything   that   have   preceded 
them.   The  explanatory  text  is  both  anatomical  and  pathological, with 
a  description  of  the  diseases  of  the  nervous  system.  On  the  whole  this 
book  easily  ranks  as  the  most  important  of  all  manuals  on  the  subject. 
Its  plates  are  models  of  clearness,  and  the  author  has  wisely  confined 
himself  in  every  case  to  the  size  of  the  book,  so  that  there  is  no  fold- 
ing or  unfolding.     If  any  criticism  were  to  be  made,  it  might  be  that 
some  of  the   many  colored   plates  are  a  little  too  intensely  stained 
and   that  the  schematic  drawings  are  a  trifle  more  definite  than  facts 
warrant. 

Nervous  and  Mental   Diseases,  by  Archibai^d  Church  and  Fred- 
erick Peterson.     W.  B.  Saunders  and    Co.,  Philadelphia,    1901. 
pp.  869. 
This  third  edition,  with  its  322  illustrations,  has  been   thoroughly 
revised  both   by  editions   and   rearrangements  wherever   necessary  to 
make  it  more  acceptable  to  students  and  practitioners.    Some  sections 
have  been   entirely  rewritten  and    new  diagrams   and   tables   added. 
While  it  is  essentially  a  practitioner's  book,  it  is  also  a  careful  and 
Judicious  treatment  from  a  scientific   point  of  view,  and  the  authors 
have  also  evidently  drawn  to  a  considerable  extent  upon   their  own 
experiences. 

Studien  Uber  die  Narkose  zugleich  ein  Beitrag  zur  allgemeinen  Phar- 

makologie,  von    E.   Overton.     Gustav    Fischer,  Jena,  1901.     pp. 

195- 

After  a  critical  discussion  of  the  chief  hypotheses  on  the  mechanism 

of  narcosis,  the  writer  discusses   in   detail   the   effects   of   ether   and 

chloroform  ;md  the  results  of  his  experiments  with  single  groups  of 

organic  narcotics,  including    those  with   aromatic   combinations,  and 

iinally  inorganic  anaesthetics  with  some  remarks  on  the  mode  of  action 

of  basic  narcotics  and  their  combinations. 

Die  Periodischen  Geistesstorungen,  von  Alexander  Pii^cz.  Gustav 
Fischer,  Jena,  1901.  pp.  210. 
Circular  insanity,  periodic  mania,  melancholia,  amentia,  paranoia, 
dipsomania,  sexual  abnormalities,  secondary  periodic  psychoses,  so- 
matic accompaniments  and  results  of  post-mortem  examinations,  and 
the  combinations  of  periodic  with  other  kinds  of  insanity,  are  the 
topics  considered. 

Psychologie  de  V Idiot  et  de  V Imbecile,  par  Paui.  Sollier.     F.  Alcan, 
Paris,  1901.     pp.  236. 
This  is  a  second  enlarged  edition,  with  twelve  infolded  plates  at  the 
end. 

Les  Maladies  de  f  Orientation  et  de  V Equilibre,  par  J.  Grasset.  F. 
Alcan,  Paris,  1901.  pp.  291. 
This  volume  contains  many  interesting  personal  observations  of 
malorientatiou  in  those  suffering  from  nervous  and  mental  diseases. 
The  nerve  tracts  and  centers  involved  are  discussed,  also  the  ailments 
and  their  symptoms  where  this  trouble  is  found.  It  is  a  comprehen- 
sive and  valuable  memoir. 
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Die  psychologische  Denkrichtung  in  der  Heilkunde,  vou  Otto  Bin- 
SWANGKR.  Deutsche  Rundschau,  Oct.,  1900.  pp.  87-103.  Julius 
Rodenberg,  Berlin. 

Psychology  and  the  Medical  School,  by  George  V.  N.  Dearborn.  Re- 
printed from  science,  N.  S.,  Vol.  XIV,  July  26,  1901.     pp.  129-136. 

Journal  of  Medical  Research,  edited  by  Harold  C.  Ernst.  N.  S.,  Vol. 
I,  No.  I,  July,  1901.    Boston. 

TheWorks  of  George  Berkeley,  including  his  Poslhumous  Works.  With 
prefaces,  annotations,  appendices,  and  an  account  of  his  life,  by  Al- 
exander Campbell  Fra.ser.  In  four  volumes,  pp.  527,  415,412, 
611.     Clarendon  Press,  Oxford,  1901. 
In  1899  Professor  Fraser  was  asked  by  the  delegates  of  the  Oxford 
Press  to  preface  a  new  edition  of  Berkeley's  works  with  some  account 
of  his  life,  as  the  edition  of   1871  was  out  of  print.     Although   in   his 
eighty-second  year,  having  been  for  more  than  sixty  years  a  lover  of 
Berkeley,  he  undertook,  and  has  now  completed  this  work,  utilizing  all 
the  valuable  biographical  and  philosophical  material,  and  alsothe  inval- 
uable manuscript  of  Archdeacon  Rose.    In  this  edition,  the  introduction 
and  notes  have  also  been  almost  entirely  rewritten,  although  this  is 
not  intended  to  supersede  the  author's  life  of  Berkeley.     Much  of  the 
new  material  came  in  too  late  to  permit  of  purely  chronological   ar- 
rangement which  has,  however,  been  mainly  adhered  to.  On  the  whole, 
these  volumes  are  attractive  and  convenient  in   form,  and  will  be  in- 
dispensable to  all  teachers  of  philosophy  who  have  no  earlier  edition, 
and  highly  desirable  for  those  who  have. 

Malebranche,  par  Henri  Joly.     F.  Alcan,  Paris,  1901.     pp.  296. 

The  views  of  this  great  Cartesian,  whom  some  think  Berkeley's  in- 
terview with  him  killed,  are  here  presented  in  their  unity.  The  many 
quotations  are  well  chosen,  and  they  attr^iCtively  present  the  incom- 
prehensibility of  God,  the  soul,  and  the  ideals  of  perfection. 

Pour  la  Raison  Pure,  by  F.  Evellin.    F.  Alcan,  Paris,  1901.  pp.  34. 

This  is  an  attempt  to  summarize  the  many  conflicts  between  imagi- 
nation and  reason. 

Philosophic des Sichselbstbewussten,  von  Fried. Wilhelm  Dahlmann. 
Koelling  und  Klappenbach,  Chicago,  1901.  pp.  146. 
This  book  with  its  fine  German  type,  to  our  thinking,  remarkably 
tasteless  get  up,  its  long  paragraphs  and  sentences,  with  neither  in- 
dex or  table  of  contents  throughout,  may  have  a  very  important  mes- 
sage, and  it  may  find  somewhere  a  reader,  both  of  which  we  sincerely 
hope. 

La  Philosophic  Russe  Contetnporaine,  par  Ossip-Lourie.  F.  Alcan, 
Paris,  1901.  pp.  278. 
The  first  part  describes  philosophies  and  the  general  philosophy  of 
Russia  ;  the  second  is  devoted  to  psychology  ;  and  the  third  to  eleveu 
sociologists,  with  a  summary  chapter  urging  the  necessity  of  breaking 
away  from  isolation  in  Russia. 

Geschichte  der  Philosophic  ini  Islam,  von  T.  J.  de  Boer.  E.  Hauff, 
Stuttgart,  1901.  pp.  191. 
The  geography  of  Islam  is  first  treated ;  then  oriental  wisdom  ; 
Greek  science;  the  views  of  Arabian  philosophers  on  philology,  duty, 
faith  ;  the  degree  in  which  they  were  influenced  by  Pythagoras,  Aris- 
totle, Neoplatonism,  which  affected  different  Mahommedan  thinkers 
in  very  different  ways ;  and  finally  Arabian  philosophy  in  the  West. 
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Science  and  Mediceval  Thought,  by  Thomas  C.  Ai.i.BU'rr.      C.  J.  Clay  and 
Sons,  London,  1901.     pp.  116. 
This  is  the  Harveian  Oration  delivered  before  the  Royal   College  of 
Physicians,  October,  1900. 

v4  History  of  Philosophjp,  with  Especial  Reference  to  the  Formation  and  Development 

of  Its  Problems  and  Conceptions,  by  W.  Windelband.     Translated   by 

James  H.  Tufts.     The  Macmillan  Co.,  New  York,  1901.  pp.  726. 
The   translator  has  in  this   edition   incorporated   all   the   changes 
made  by  the  author  in  the  second  German  edition, whether  in  the  text 
or  the  appendix.  A  seven  page  note  on  certain  aspects  of  recent  English 
thought  has  also  been  added. 
V Evolutionnisme  en  Morale,  par  Jean  Hali^eux.     F.  Alcan,  Paris,   1901. 

pp.  228. 
The  first  part  discusses  the  principles  of  moral  evolution  and  con- 
duct from  the  physical,  biological,  psychological  and  sociological  view 
point.  The  second  part  is  the  discussion  of  the  hypothesis  funda- 
mental to  the  system  and  of  the  principles  of  conduct  as  deduced 
from  it, with  a  final  application  to  practical  life. 
Das  sittliche  Leben,  von    Herman  Schwarz.     Reuther   und    Reichard, 

Berlin,  1901.  pp.  417. 
This  is  an  ethics  on  a  psychological  basis  with  an  appendix  on 
Nietzsche's  Zarathustra  doctrine.  The  first  part  characterizes  the 
ethics  of  personal  worth  or  the  doctrine  of  modern  self-afl&rmation  ; 
the  second  is  entitled  alien  morals  or  the  doctrine  of  ethical  self- 
denial. 
yaria.    Studies  on  Problems  of  Philosophy  and  Ethics,  by  William  Knight. 

John  Murray,  London,  1901.  pp.  196. 
The  functions  of  philosophy  at  the  present  time  ;  nationality  as  an 
element  in  its  evolution  ;  our  present  philosophical  outlook  ;  poetry 
and  science,  their  contrasts  and  affinities  ;  the  unseen  root  of  ethics  ; 
the  correlation  of  moral  forces  ;  corporate  responsibility  :  practical  eth- 
ics; philosophical  societies  in  the  universities  of  Scotland;  the  for- 
mation of  public  opinion  ;  desiderata  in  modern  philosophy  and  the 
ethics  of  criticism,  are  the  topics  in  this  volume,  made  up  of  lectures 
to  students  at  St.  Andrews,  one  of  which  is  given  at  the  opening  of 
each  year. 
Ethical  Marriage.     A  Discussion  of  the  Relations  of  Sex  from  the  Standpoint   of 

Social  Dutj',  by  Delos  F.' Wilcox.     Wood-Allen    Publishing   Co., 

Ann  Arbor,  Mich.,  1900.  pp.  235. 
This  little  book  embodies  a  protest  against  the  idea  that  the  morals 
of  marriage  are  a  subject  to  be  discussed  by  physicians  alone  and  as 
incidental  to  sexual  pathology.  The  writer  pleads  that  marriage  is  the 
supreme  co-operation  ;  that  only  the  fittest  should  marry  ;  describes 
its  motives,  the  duties  of  courtship,  the  control  of  passion  in  marriage, 
with  social  reflections  at  the  end. 
Sexualethik,Sexualjustiz,  Sexualpolizei,  \on  Karl  KenTSCH.     "Die  Zeit," 

Wien,  1900.     pp.  95. 
T)as  Sexnelle  Leben  der  hlaturvolker,  von  JOSEF  MuLLKR.  Lampart  u.  Comp., 

Augsburg,     pp.  73. 
Sexuelle  Irrwege,  von    Ferd.  STEINGIESSER.     Hugo   Bermiihler,  Berlin, 

1901.     pp.  192. 
These  volumes  are  hardly  scientific  or  philosophical,  but  are  chiefly 
popular,  and  while  they  contain  some  things  that  are  good,   contain 
little  that  is  new. 
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Questions  de  Philosophic  Morale  et  Sociak,  par  J.  P.  Durand.  F.  Alcan,  1901. 
pp.  179. 
The  venerable  writer  again  describes  materialism,  atheism,  deter- 
niiuism,  socialism,  transformatism,  and  "  struggleforlifeisui,"  with  an 
appendix  on  the  relations  of  psychology  to  metaphysics,  morals  and 
the  subconscious,  and  the  communal  family. 

The  Doctrine  of  the  Freedom  of  the  Will  in  Rchte's  Philosophjy,  by  John  Frank- 
lin Brown.     Richmond,  Ind.,  1900.     pp.  105. 

Ibe  Ethical  Aspect  of  Lotze's  Metaphj/stcs,  by  Vida  F.  Moore.     The  Mac- 
millan  Co.,  New  York,  1901.     pp.  loi. 

These  are  interesting  and  valuable  digests  of  their  themes,  which 
speak  well  for  the  high  quality  of  the  work  done  in  the  Philosophical 
Department  of  Cornell  University,  where  both  were  produced. 

hriedrich   Nietzsche,  von   Ji/Lius  Reiner.     Hermann    Seeman,    Leipzig, 
1901.     pp.  76. 
His  life  and  work  as  poet  and  philosopher  are  first  described,  and 
the  latter  is  treated  under  the  captions  of  religion,  woman,  the  super- 
man and  morality. 

Lectures   on   the   History   of  Physiology   during  the    Sixteenth,  Seventeenth    and 
Eighteenth  Centuries,  by  M.  FOSTER.     University  Press,  Cambridge, 
1901.     pp.  310. 
These  lectures  were  delivered  in  the  autumn  of  1890  at  the  Cooper 
Medical  College  in  San   Francisco.     The  writer  does  not  attempt  to 
give    a   complete   history  of   physiology,  even  within    the   period    to 
which  he  has   limited  himself,  but  has  selected  certain   themes  that 
seem  to  him  most  striking  and  important.     He  has  woven  in  interest- 
ing  stories  of  the   lives   of  Vesalius,  Harvey,  Borelli,  Malpighi,  Van 
Helmont,  Sylvius,  and  other  writers. 

La  Morale  basee  sur   la   Demographic,  par  Arsene  Dumont.     Schleicher 
Frferes,  Paris,  1901.     pp.  181. 

The  chapters  are  entitled  the  crisis  of  morality,  the  crisis  of  modern 
science,  the  demographic  criterion,  the  love  of  truth,  alcohol,  and 
moralization. 

Inductive  Sociology,  hy  Franklin  H.  Giddings.  The  Macmillan  Co., 
New  York,  1901.  pp.  302. 
This  book  presents  a  scheme  of  inductive  method,  a  detailed  analy- 
sis and  classification  of  social  facts,  and  a  tentative  formulation  of  the 
more  obvious  laws  of  social  activity, — all  as  a  basis  for  further  induc- 
tive studies.  The  first  book  treats  the  elements  of  social  theory  ;  the 
second,  the  elements  and  structure  of  society.  Under  the  latter,  part 
one  deals  with  the  social  population  ;  part  two,  the  social  mind  ;  part 
three,  organization  ;  and  part  four,  welfare. 

The  Primer  of  Political  Economy, by  S.  T.  Wood.  The  Macmillan  Co.,  New 
York,  1901.  pp.  149. 
This  volume  seeks  to  lay  ground  work  for  political  study  and  explain 
some  of  the  actual  economic  phenomena  passing  through  our  hands 
from  day  to  day  that  their  laws,  principles  and  relationships  may  be 
more  independently  studied  and  more  clearly  understood.  They  are 
addressed  to  the  fourth  form  of  public  schools  and  treat  the  herdsman 
of  the  plains;  how  oil  is  obtained  ;  mining,  rubber,  shoemaking,  taxa- 
tion, coin,  banking,  stock  companies,  and  many  other  topics. 


6l6  BOOK    NOTES. 

Select  Documents  of  English  Constitutional  Historj.',  edited   by  George  Burton 
Adams  andH.  Morse  Stephens.     The  Macmillan  Co.,  New  York, 
1901.     pp.  555. 
This  is  to  meet  the  needs  of  teachers  of  English  constitutional  his- 
tory.    The  great  question  in  this  work,  as  the  previous  English  selec- 
tions by  Stubbs,  Prothero  and  Gardiner  have  shown,  is  to  make  the 
proper  selection.     These  authors  have  followed  a  plan  of  their  own, 
and  we  think  with  wisdom  and  discretion. 

Notre  Armee,  von  Emile  Manceau.    Bib.  Charpentier,  Paris,  1901.    pp. 

425- 
This  psychological  study  of  the  French  army  considers  first  the  offi- 
cers, the  methods  of  recruiting,  advancement,  their  relations  to  the 
nation  ;  then  the  sub-officers  and  soldiers,  the  instruction  of  the  lat- 
ter and  the  duration  of  military  service.  The  spirit  of  French  mili- 
tary institutions,  the  constitution  of  the  army,  and  other  topics  are 
treated. 
Psychologie  d'une  yUle,  par  H.  FierENS-Gevaert.     F.  Alcan,  Paris,  1901. 

pp.  189. 
This  is  a  psychological  study  of  the  town  of  Bruges,  and  describes 
the  birth  and  adolescence  of  the  city,  its  art,  men  and  events  of  the 
thirteenth  century,  its  democracy,  realism,  painting,  luxury,  moral 
life,  architecture,  etc. 
Die  Reltgionen  der  l^olker,  von  H.  Berkenbusch.    A.  Kiepert,  Hannover, 

1901.     pp.  100. 
'    This  pamphlet  discusses  the  religion  of  Babylonians,  Phoenicians, 
Canaanites,    Israelites,   Arabians,  Egyptians,   Chinese,   East  Indians, 
Iranians,  Greeks,  Romans,  and  Germans. 

Die  Anfdnge  unserer  Religion,  von  Paul  Wernle.  J.  C.  B.  Mohr,  Tubin- 
gen, 1901.  pp.  410. 
Under  the  origin  of  religion  are  discussed  Jesus,  his  calling,  the 
promise,  his  function  as  redeemer,  the  primitive  Christian  community, 
Paul,  the  theology  of  redemption,  the  anti-Judaic  apologetics,  the 
apocalypse,  the  development  of  the  church  and  theology,  and  piety  in 
the  post-apostolic  age. 
Magic  and  Religion,  hy  Andrew  Lang.     Longmans,  Green  and  Co.,  New 

York,  1901.  pp.  316. 
This  is  the  nineteenth  volume  of  this  voluminous  author  and  editor, 
which  the  Longmans  have  published.  The  writer  points  out  in  the 
first  paper  the  danger  of  allowing  ourselves  to  be  led  astray  by  too  in- 
genious hypotheses.  The  next  two  papers  strengthen  his  well  known 
theory  that  the  first  traceable  form  of  religion  was  high  and  was  low- 
ered in  the  process  of  evolution.  He  still  polemizes  in  the  forty-five 
pages  agaiust  Taylor  and  Frazer.  South  African  religion,  taboos,  the 
ghastly  priest,  fire  walk,  cup  and  ring,  cavalry  ;— these  constitute  the 
most  important  papers. 
Die  Entwicklung  d^er  Religionsbegriffe  als  Grwtdlage  einer  progressiven  Rehgiotj,  von 

Stefan  von  Czobel.     Vol.  I,  pp.  578;  Vol.  II,  Part  i,  pp.  288. 

Lotus-Verlag,  Leipzig,  1901. 
The  writer  premises  that  religion  begins  in  the  origin  of  supersen- 
sual  ideas  and  a  belief  in  supernatural  beings,  and  gives  what  he  terms 
a  rational  formulae  of  development,  and  then  treats  successively  the 
religion  of  the  Akkadians,  Egyptians,  Assyrians,  Phoenicians,  Jews, 
Medes,  Persians,  Indians,  Greeks,  Romans,  and  finally  Christianity. 
It  is  a  unique  attempt  to  regard  the  religions  of  ancient  and  modern 
times  from  the  standpoint  of  evolution. 
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The  Old  Testament  from  the  Modern  Point  of  yiew,  by  L.  W.  Batten.     E.  S. 
Gorham,  New  York,  1901.     pp.  354. 
The  writer  first  treats  the  general  arguments  against  the  validity  of 
critical  results,   then  the   hexateuch,   history,  prophets,  and  psalms, 
with  a  final  chapter  on  criticism  and  the  supernatural. 

The  Life  and  Literature  of  the  Ancient  Hebrews,  by  Lyman  ABBOTT.  Hough- 
ton, Mifflin  and  Co.,  Boston,  1901.  pp.  408. 
The  chief  topics  are  the  Bible  as  literature,  Hebrew  history,  prehis- 
toric traditions  rewritten,  book  of  the  covenant,  the  Deuteronomic 
code,  the  canon  law,  Hebrew  fiction,  stories  retold,  a  drama  of  love, 
a  spiritual  tragedy,  a  school  of  ethical  philosophy,  a  collection  of  lyr- 
ics, preachers  of  righteousness  and  redemption,  the  message  of  Israel. 
Two  tables,  one  giving  the  order  of  the  writings  of  the  Old  Testament 
and  the  other  its  chronology,  are  prefixed. 

Lehen  Jesu,  von  D.  Oscar  Holtzmann.    J.  C.  B.  Mohr,  Tubingen,  1901. 
pp.  428. 

This  is  a  very  judicious  and  learned  summary  of  the  sources,  turn- 
ing points,  early  history,  the  Baptist,  Jesus'  baptism,  temptation,  the 
nearness  of  the  kingdom,  the  preaching  in  Galilee,  the  calling  of  the 
Twelve,  the  visit  to  Jerusalem,  proclamation  as  Messiah,  death  and 
resurrection. 

Studies  of  the  Mind  in   Christ,  by  Thomas  Adamson.     T.  and  T.  Clark, 
Edinburgh,  1898.     pp.  300. 

What  was  the  knowledge  which  our  Lord  had  as  a  man  is  a  question 
which  can  be  investigated  without  disrespect  to  Christ?  We  are  not  at 
liberty  to  believe  that  divinity  did  the  work  of  humanity  or  in  any 
respect  rendered  it  less  human.  From  this  point  of  view  our  author 
discusses  Christ's  ignorance  ;  his  real  and  apparent  supernatural  knowl- 
edge ;  his  divine  and  spiritual  knowledge  ;  his  knowledge  of  the  Old 
Testament ;  of  the  future  ;  the  boundedness  of  his  knowledge  ;  his  self 
guidance  ;  plan  ;  his  traits  as  a  miracle  worker  ;  and  his  mental  iden- 
tity after  his  resurrection. 

Is  Christ  kfallible  and  the  Bible  True  ?  by  HUGH  M'Intosh.  T.  and  T. 
Clark,  Edinburgh,  1901.  pp.  719. 
The  question  which  forms  the  title  of  this  book  is  for  the  author  the 
supreme  and  most  urgent  question  in  the  world.  He  does  not  hold  to 
absolute  inerrancy,  but  throughout  his  teaching  is  highly  conserva- 
tive. His  work  is  essentially  argumentative,  and  is  directed  mainly 
against  the  leaders  of  the  liberal  school. 

The  Divinity  of  Christ.   An  Argument.    Translated  from  the  French  of  Mgr. 

Emile  Bougaud,  by  C.  L.  Currie.  William  H.  Young  and  Co.,  New 

York,  1901.  pp.  159. 
The  author  here  seeks  to  present  Christianity  in  a  form  suited  to  the 
present  time.  He  desires  to  describe  its  polity  and  unfold  its  creed, 
and  assumes  throughout  that  religion  only  requires  to  be  known  to  be 
welcome.  It  was  written  when  the  author  was  about  fifty,  and  is  the 
product  of  a  soul  overflowing  with  benignity  and  adoration.  The  sub- 
stance of  its  ten  chapters  was  no  doubt  often  preached,  and  their  point 
of  view  is  somewhat  hortatorj'. 

Jesus  Christ  and  the  Social  Question,  by  Francis  GREENWOOD  Peabody. 
The  Macmillan  Co.,  New  York,  1901.     pp.  374. 
These  seven  chapters  are  somewhat  sermonesque,  but  abound  in  in- 
dications of  the  author's  study  of  the  problems  of  modern  social  life, 
and  are  predominantly  a  study  of  the  views  of  Jesus. 
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The  Historical  New  Testament.  A  new  translation  by  James  Moffatt.  Charles 
Scribuer's  Sous,  New  York,  1901.  pp.  726. 
The  writer  has  arranged  the  New  Testament  in  the  order  of  its  lit- 
erary growth  and  indicated  at  the  same  time  the  chief  grounds  upon 
which  such  order  is  determined.  He  has  also  given  us  a  new  transla- 
tion. It  is  difificult  to  speak  too  highly  of  the  care  with  which  this 
work  is  executed.  The  writer  has  taken  pains  to  possess  himself  of 
most  of  the  authorities  and  theories  bearing  upon  the  subject.  His  in- 
troductions are  succinct,  and  he  has  constructed  many  very  interest- 
ing tables  which  are  perhaps  on  the  whole  the  best  thing  in  the  vol- 
ume, which  ought  to  be  in  the  possession  of  every  student  of  the  New 
Testament. 

Ad.  Harnacks  IVesen  des  Christentums  filr  die  christliche  Cemeinde  gepriift,  von 
D.  WiLH.  WalTheR.  a.  Dei'chert,  Leipzig,  1901.  pp.  168. 
This  volume,  larger  than  that  to  the  refutation  of  which  it  is  de- 
voted, Harnack  calls  the  best  and  ablest  of  all  the  many  attacks  upon 
his  famous  lectures  to  students.  The  author  is  the  Professor  of  The- 
ology at  Rostock,  and  especially  attacks  Harnack's  disbelief  in  mira- 
cles ;  his  statement  that  Jesus  brought  no  essentially  new  message  ; 
that  he  does  not  exactly  belong  in  his  own  gospel  ;  did  not  arise  from 
the  dead  ;  that  his  death  was  not  an  atonement ;  and  that  Paul  in  some 
respect  injured  the  gospel. 

Das  Christentmn,  von  D.  /id.  Harnack  nach  dessen  sechzehn  ydrlesungen,  von  Ed. 
RUPPRECHT.     E.  Bertelsmann,  Giitersloh,  1901.     pp.  278. 
These  sixteen  lectures  contain  an  exceptionally  pietistic  refutation 
of  Harnack,  who   is  overwhelmingly  refuted  by  dogmatic  assertions 
and  well  rebuked  and  reproved. 

Das  IVesen  des  Oiristentums  wid  die  Zukimftsreligion,  von  L,UDWIG  LEMme. 
Edwin  Runge,  Berlin,  1901.     pp.  218. 
These  seventeen   discourses  on   Christian   religiosity  and  the  abso- 
lute, or  future  religion,  are  essentially  evangelical.     The  student  and 
the  pietist  will  find  little  new  here. 

The  Soul  of  a  Christian,  hy  Frank  Granger.  The  Macmillan  Co.,  New 
York,  1 900.  pp.  303. 
The  writer  has  saturated  himself  with  Christian  mysticism,  and  has 
taken  some,  though  too  slight,  account  of  modern  psychology,  and 
writes  chapters  on  the  oversoul,  the  depths  of  the  soul,  its  awakening, 
its  dark  night,  ecstacy, vision  and  voices,  human  and  divine  love,  sym- 
bol and  ritual,  inspiration  and  prophecy,  illumination  and  progress, 
confession,  casuistry  mystical  theology.  He  is  a  man  who  has  had  deep 
religious  feeling,  and  has  struggled  and  groped  his  way  to  profound 
insights  and  made  interesting  points  of  contact  between  the  best  type 
of  mysticism  and  modern  psychology.  For  all  those  interested  in  the 
new  field  here  opening,  this  volume  will  be  very  stimulating,  although 
very  unsatisfying. 

Christoitumund  Darwinisnmsin  ihrer  l^ersohnung,  von  Hermann  Franke.  A. 
Duncker,  Berlin,  1901.  pp.  128. 
This  was  suggested  by  Harnack's  famous  lectures  on  the  essence  of 
Christianity.  Accepting  this  view  in  the  main,  the  writer  contrasts  it 
with  evolutionism,  but  linds  that  the  more  liberal  the  views  of  Chris- 
tianity become,  the  more  they  harmonize  with  the  development  hy- 
pothesis. This  is  traced  in  the  evolution  of  religion,  of  revelation,  of 
Christianity,  and  of  morals. 
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Das  Chrisfeiitum  ah  Rfligion  des  Fortschrilts,  vou  Chr.  A.  BUGGK.    J.  Ricker, 
Giesseii,  1900.     pp.  67. 
The  writer  proves  his  thesis  in  two  ways,  both  treated   in  an  inspir- 
ing way  ;  first,  the  social  programme  of  Paul,  and  second,  the  inspira- 
tion of  the  Bible. 

Entbusia sinus  mid  Biissgewalt  beim  Griechischen  Monchtum,  von  Karl  Holl.  J. 
C.  Hinrichs,  Leipzig,  1898.     pp.  331. 
Enthusiasm  among  the  Greek  monks  ;  the  discipline  of  penance  and 
confession  are  the  topics  of  chief  interest  here  treated. 

Monuments  of  the  Early  Church,  by  Walter  Lourie.  The  Macmillan  Co., 
New  York,  1901.  pp.  432. 
This  interesting  volume  is  fully  up  to  the  level  of  the  other  six 
hand-books  of  arclijeology  and  antiquities, which  have  so  far  appeared. 
Christian  cemeteries,  the  basilica,  pictorial  art,  early  painting,  sculp- 
ture, mosaics,  miniatures,  the  minor  arts,  and  ecclesiastical  dress  are 
the  leading  topics,  with  182  illustrations. 

Tbeologie  und  Metaphjsik,  von  Ghorg  Wobbermin.     A.  Duncker,  Berlin, 
1901.     pp.  291. 

The  first  part  treats  of  epistemological  investigation  concerning  the 
idea  of  metaphysics  and  its  significance  for  theology.  The  second  part 
treats  of  enipirio  criticism  as  the  outcome  and  self  criticism  of  anti- 
metaphysical  thought  as  treated  from  the  standpoint  of  theological 
interest.  The  third  part  deals  with  the  fundamental  problems  of  meta- 
physics and  their  importance  for  theology,  especially  the  problem  of 
the  self  and  causality. 

Die  Idee  des  Retches  Gottes  in  der  Theologie,  von  Johannes  Weiss.  J.  Ricker, 
Giessen,  1901.     pp.  155. 

This  is  an  amplified  lecture  delivered  at  a  theological  conference  in 
Giessen,  and  is  in  a  sense  supplementary  to  the  author's  treatise  on 
Jesus'  teachings  concerning  the  Kingdom  of  God. 

La  Vie  future  d'apres  le  Mazdeisme,  par  Nathan  Soderblom.     (Annales 
du  Musee  Guimet,  Vol.  IX.)  Ernest  Leroux,  Paris,  1901.    pp.  447. 
This  study  of  comparative  eschatology  is  one  of  the  best  of  the  many 
excellent  productions  of  this  unique  institution. 

A  Century s  Progress  in  Religious  Life  and  Thought,  by  W.  F.  Adeney.  Jas. 
Clarke  and  Co.,  London,  1901.  pp.  229. 
The  chief  topics  here  treated  are  the  Oxford  movement ;  the  rela- 
tions between  religion  and  science  ;  Biblical  criticism  ;  the  imminence 
of  God  ;  the  decline  of  Calvinism  ;  changed  views  of  redemption  ;  with 
other  chapters  on  preaching  and  preachers  ;  leading  minds  of  the  cen- 
tury, etc.  The  writer  has  evidently  lived  into  his  subject  long  and 
well. 

Glauben  und  IVissen,  von  Emil  Fischer.  Handel,  Bamberg,  1901.  pp. 
232. 
The  chief  topics  are  Japanism  ;  woman  as  a  teacher  ;  Goethe's  rela- 
tion to  religion  ;  Bible  criticism  and  religious  education  ;  the  death 
penalty;  is  there  a  life  end  or  purpose?  patriotism  and  Tolstoi,  anar- 
chy, faith  antl  knowledge  ;  what  is  going  to  happen? 

La  Crtse  de  la  Crqvance,  par  Albert  Bazaillas.     Perrin  et  Cie,  Paris, 
1901.     pp.  307. 
The  philosophy  of  certitude  and  of  life  according  to  Olle-Lapreune  ; 
the  life  of  belief  according  to  Newman  and  Arthur  Balfour  ; — these  are 
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the  topics  in  a  volume  made  up  of  the  publication  of  nine  articles  here 
reprinted  from  recent  periodicals. 

Die  ewtgen  iVahrheiten  im  Lichte  der  beutigen  IVissenschaft,  von  WERNER  A. 
Stifle.  R.  Friedlander  und  Sohn,  Berlin,  1901.  pp.  91. 
We  have  here  a  study  of  the  theory  of  knowledge  in  a  somewhat  popu- 
lar form,  wherein  the  writer  discourses  upon  the  basal  elements  of 
philosophy,  the  superphysical  as  seen,  e.  g.,  in  the  laws  of  number, 
geometry ,'ar.d  in  the  physical  world,  with  a  final  discussion  of  space, 
time,  materialism  and  idealism. 

Der  IVahrheitsgehalt  der  Religion,  von  Rudolf  Eucken.  Veit  und  Comp, 
Leipzig,  1900.  pp.  448. 
The  foundation  of  a  universal  religion  seems  to  the  author  to  im- 
pend, but  it  encounters  obstacles  in  nature,  culture  and  the  uncertain- 
ties concerning  man's  position  in  the  world.  He  next  discusses  the 
future  development  of  the  race  and  the  contents  of  its  characteristic 
religion,  and  finally  distinguishes  between  the  eternal  and  temporal  in 
Christianity. 

The  Contents  of  Religious  Consciousness,  by  James  H.  Leuba.  Monist,  July, 
1901. 
This  very  interesting  article  should  be  read  in  connection  with  the 
author's  introductory  paper  in  the  Monist  for  January.  It  is  a  con- 
tinuation of  his  studies  in  the  psychology  of  religion  begun  in  this 
Journal,Vo\.  VII,  p.  397.  It  is  largely  taken  up  with  a  description  of 
fourteen  interesting  typical  cases. 

Public  IVorship.  A  Study  in  the  Psychology  of  Religiott,  by  JOHN  P.  Hylan. 
Open  Court  Publishing  Company,  Chicago,  1901.     pp.  94. 

This  is  a  thesis  for  the  degree  of  Ph.  D.  in  Clark  University,  and  is 
one  of  the  increasing  number  of  studies  of  religious  psychology  issued 
by  past  and  present  students  here.  It  is  based  to  some  extent  upon 
questionnaire  returns,  but  the  writer  has  given  much  attention  to  the 
literature  of  the  subject,  and  appends  a  valuable  bibliography.  Wor- 
ship for  him  is  a  device  for  developing  the  moral  control  of  conduct, 
and  this  study  was  undertaken  in  order  to  shed  light  upon  the  prob- 
lem why  our  churches  are  not  more  efficient.  An  attempt  is  made  to 
evaluate  the  modern  aesthetic  type  of  worship,  and  also  to  explore  the 
influence  of  science  upon  religion,  which  is  defined  as  a  feeling  of  per- 
sonal responsibilitv  toward  the  conditions  of  the  environment. 

This  work,  with'  the  volume  of  Starbuck,  the  various  papers  of 
Leuba,  the  studies  of  Daniels,  Dawson,  Lancaster,  Kline  and  others, 
are  the  first  fruits  of  one  of  the  promising  new  directions  of  work  at 
Clark  University  to  apply  psychology  to  religion. 

Early  Conversion,  by  E.  Payson  Hammond.  J.  S.  Ogilvie  Publishing- 
Co.,  New  York.     pp.  232. 

This  noted  child  revivalist  has  here  given  us  an  interesting  account 
of  his  work,  the  design  of  which  is  to  show  how  young  people  can  be 
early  prepared  for  church  membership,  with  many  practical  illustra- 
tions and  stories,  and  is  dedicated  to  all  who  believe  in  early  conver- 
sion. 

The  School  Hymnal.  The  Presbyterian  Board  of  Publication  and  Sabbath 
School  Work,  Philadelphia,  1900.     pp.  283. 

The  Presbyterian  Board  herein  completes  its  series  of  hymnals  in- 
tended to  cover  the  whole  sphere  of  public  worship  in  church,  chapel 
and  school. 
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tor  Sunday  School  Workers,  by  A.  F.  Schaukfler.     Wi'tli  a   foreword  by 
the  late  Dwi^^ht  L.  Moody.     W.  A.  Wilde  Co.,  Boston,  1901.     pp. 
283. 
Like  all  the  author's  other  publications,  this  book  is  largely  made 
up  of  talks  to  Sunday  School  teachers.    The  last  half  of  the  book  is  in 
part  written   by  other   hands,  and    Rev.  A.  H.   McKinney  contributes 
three  interesting  chapters  on  the  study  of  the  child.     On  the  whole  it 
is  a  volume  of  devices  and  exhortation,  and  deals  little  with  pedagog- 
ical principles. 

Mission  Piohlenis  and  Mission  Methods  in  South  China,  by  J.  CAMPBELL  GiBSOX. 
Oliphant,  Anderson  and  Ferrier,  Edinburgh,  1901.  pp.  332. 
These  are  lectures  given  by  appointment  of  the  General  Assembly 
of  the  Free  Church  of  Scotland.  Interesting  are  the  chapters  on  Chi- 
nese literature,  philosophy  and  religion,  and  the  first  three  stages  of 
mission  work.  The  writer's  field  of  view  is  limited  to  that  of  the  Eng- 
lish Presbyterian  mission.     The  book  contains  sixteen  illustrations. 

Das  Spdtere  Judenthum  als  Vorstufe  des   Christenthums,  von  W.   BaldenspeR- 
GER.     J.  Ricker,  Giessen,  1900.     pp.30. 

Das  Biblische  Paradies.  von  B.  Poertner.  Franz  Kirchheim,  Mainz,  1901. 
pp.  36. 

Die  Offenbarwigim  Gnosticismns,  von  RuDOLF  Liechtenhan.  Vandenhoeck 
und  Ruprecht,  Gottingen,  1901.     pp.  168. 

FoiUus-und  Ceschicbtereligion,  von  JOH.  Jungst.    J.  Ricker,  Giessen,  1901. 

PP-  79- 
Die  Motive  des  Glauhens  an  die  Gebetserhorung  im  Alien  Testament,  von  Justus 

Koberle.     a.  Deichert,  Leipzig,  1901.     pp.  30. 

Die  Geburts-  und  Kindheitsgeschichte  Jesu  Luc.  i^^-ii,  52,  von  A.  Hilgenfeld. 
pp.  177-235. 

Das  IVesen  des  Christentums,  von  Georg  Reinhold.  Jos.  Roth,  Stuttgart, 
1901.     pp.  96. 

Beitrdge  zur  Geschichte  und  Erkldrung  des  Neuen  Testamentes,  von  C.  F.  GeorG 
Heinrici.     Diirr,  Leipzig,  1900.     pp.  81. 

Lebrhuch  der  Neutestamentlichen   Theologie,  von   Heinrich  Julius  HolTZ- 
MANN.     Vol.  II,  pp.  532.    J.  C.  B.  Mohr,  Freiburg,  i.  B.,  1897. 

Zwei  akademische  Vorlesungen  ilher  Grundprohlemc  der  systematischen  Theologie, 
von  Georg  Wobbermin.     Alex.  Duucker,  Berlin,  1899.    pp.  43. 

Das  Monchthum  seine  Ideate  und  seine  Geschichte,  von  Adolf  Harnack.     J. 
Ricker,  Giessen,  1901.     pp.  60. 

The  Philosophy  of  Religion  in  England  and  America,  by  Alfred  Caldecott. 
The  Macmillan  Co.,  New  York,  1901.     pp.  434. 

Die  Selbstdndi gkeit  der  Dogmatik  gegeniiber  der  Reli gionspbilosophie,  von  LudwiG 
IhmelS.     a.  Deichert,  Leipzig,  1901.     pp.  34. 
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